
 

 

  

 
 

 

 

 

 

 

José Antonio Pérez 

Naranjo 

Mechanical Engineering 

intern 

 

Laura Kazlauskaite  

Global Business 

Engineering intern 

 

Cesar Andrés Sandoval 

Bernal 

Environmental 

Engineering intern 

 

23 June 2018 

A Complete Guide to Building Your Own 

 

* 

 

WIND TURBINE: 
MICROGENERATION 

 



 

Title: Wind Turbine: Microgeneration. A Complete Guide to Building Your Own 

Author: José Antonio Pérez Naranjo, Laura Kazlauskaite, Cesar Andrés Sandoval Bernal 

Nationality: Spanish, Lithuanian, Colombian 

Period at Folkecenter: February 2018 Year – June 2018 

Abstract of the work: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Number of pages (excluding appendixes): 41 

Topic: Wind 

Keywords: Wind, wind turbine, DIY turbine, small wind, microgeneration

The following report focuses on building a small wind turbine with a rotor area under 5m2. The market 

research is first presented, with analysis on which countries could benefit from this turbine. Lithuania, 

Spain and Denmark were the European countries researched and a conclusion was met that with 

current regulations and prices only Denmark remains a relevant market. This is due in large part 

because of the country’s consistent wind resources, favourable regulations not requiring a permit for 

turbines under 5m2, and high electricity prices. Outside of Europe, Colombia and several African 

countries were researched, which demonstrated that Colombia and sub-Saharan Africa are ideal 

regions in which to build this turbine. Electricity is not highly accessible there and the wind resources 

are favourable. 

The report provides detailed descriptions of each component needed to build a turbine, and explains 

how to make them, or where one could acquire the necessary parts. Components such as a gearbox, 

generator and breaks are the most expensive and it is likely they will have to be bought new, while 

the other components, inclusive of blades, tail, yaw mechanism, and tower, can be bought second 

hand or made at home. 

The price of this particular turbine is calculated to be around 2500 EUR, with projected energy supply 

around 3300 kWh/year and the payback period for Danish households is 4 years. 
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1 Introduction 

Gradually the world’s energy production is moving away from fossil fuels and towards 

renewables. In 2017, the EU produced more electricity from renewables than coal (Evans, 2018). 

Wind energy is a substantial part of this, especially with the ongoing advancements of new wind 

turbines, reaching extraordinary sizes and produced output. 

However, bigger does not necessarily mean better. Small wind turbines are straightforward and 

can be cost-effective to build, yet still have a large impact on one’s life. This report will provide 

easy-to-understand guidelines on how one can build an economical wind turbine for your own 

home. While for some, building a wind turbine equals independence, and reduced utility costs, 

others could find it to be a trans-formative experience, allowing for electricity access whenever 

needed. 

This report demonstrates how to build a conventional, three-bladed, horizontal axis, upwind 

turbine with a rotor area of under five meters squared. This size was selected as the Danish 

regulations do not require any permissions for such a turbine to be built. And while Denmark is 

the focus market in this report, people from other countries all over the world could benefit from 

this paper. Each component is described, and explained as to why it is needed and how it works, 

before fully disclosing how the components could be made or where they could be sourced. For 

some components several alternatives are presented for convenience to the reader. 

At the time of writing the paper, a prototype of around 1:2 scale was built to better illustrate the 

operating procedure. It should be noted that this report does not recommend any specific 

manufacturers or suppliers for any of the components. The companies mentioned are meant as 

examples, so that the user could have a clear guideline on what to look for. 
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2 Market Analysis 

Before designing and building a small wind turbine, it is important to look into what the potential 

markets for this solution could be.  

While this turbine was built to follow the Danish standards and regulations, it was likely that there 

would also be a market for it abroad. Taking advantage of the project’s inter-continental team, the 

members’ home countries – Lithuania, Spain, and Colombia – were analysed to see whether there 

was demand for such a product in three distinctly different economies.  

Additionally, time was taken to investigate whether additional countries on the African continent 

would also benefit from this wind turbine. This was done by pulling past tests and environmental 

impact reports from each country and evaluating trends to see which have a suitable climate for a 

wind turbine, a need for an alternative energy source as well as the means to finance it. 

Denmark as a market economy will be described, highlighting why the country inexorably needs 

this solution and will ultimately benefit from this research. 

2.1 Africa 

The African continent was evaluated in order to find out whether it had a suitable market for the 

small wind turbine. Parameters such as electricity access rate, average electricity consumption, 

and renewable energy potential were examined. 

Research shows that the northern most parts of Africa have high energy accessibility, while the 

sub-Saharan region has much higher rates of energy poverty. Figure 1 depicts the percentage of 

population without electricity access within selected African countries, and as it can be seen, the 

region with the lowest access rates are in the sub-Saharan region of Africa. 
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Figure 1: Number and share of population without access to electricity by country, 2012 

(International Energy Agency, 2014) 

In the above-mentioned region 47.6% of the population does not have access to electricity. The 

numbers, however, are dependent on the individual country and area with further consideration on 

whether it is rural or urban. Generally speaking, urban areas have higher electricity access rates 

(Renewable Energy Policy Network for the 21st Century, 2014). 

The sub-Saharan African countries have substantially low electricity consumption rates, circa 1000 

kWh per electrified household (International Energy Agency, 2014). However, disparities can be 

found, and in countries like Somalia, Kenya, Madagascar and Tanzania the electrical consumption 

is only between 100 and 600 kWh per electrified household (United Nations: The Department of 

Economics and Social Affairs, 2017) (Central Intelligence Agency, 2018). 
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In terms of climate, African countries hold considerable potential for renewable energy 

installations, for both solar and wind power, as it can be seen in Figure 21. 

 

Figure 2: Overall resource potential for PV, CSP and wind technologies, 2014. 

(IRENA, 2014) 

From the figure above, it can be concluded that Kenya, Morocco, Madagascar, Egypt, Somalia and 

Tanzania have suitable wind conditions, with an average annual speed of about 6-7 m/s at 80 

meters, making them ideal countries for the installation of wind turbines. However, local and more 

detailed environmental and climate conditions need to be studied, as no data was found at lower 

altitudes, in which the small wind turbine would be placed. Therefore, it is likely that the wind 

conditions at the turbine’s height would not be as favourable. 

Furthermore, there are different programs which focus on rural electrification and development of 

renewable energy technologies in the sub-Saharan Africa, one of them being African-EU 

Renewable Energy Cooperation Programme. These programs make the market even more 

attractive as they can help fund the new renewable energy solutions installed. 

To conclude sub-Saharan African countries are a potential market for small wind technologies, 

due to low rates of access to electricity and low energy consumption; although further climate 

analysis needs to be carried out. With the help of several organisations, capital costs could be fully 

or partially covered. Therefore, the next step would be to contact the relevant organisations and 

propose the small wind solution. A list of potential clients can be found in Appendix I. 

 

                                                 
1 Note: red and orange areas indicate the best locations for solar energy systems, and dark green and blue areas indicate 

the best locations for wind energy systems. 
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2.2 Colombia 

Colombia is located in the northern region of South America, with the Caribbean Sea beside it in 

the North and the Pacific Ocean in the West. The country has a population of nearly 50 million. 

(Worldometers, 2018). 

Colombia is known for its wealth of energy resources, the majority of which are exported. In 2012, 

the internal consumption of primary energy resources was 1,580 PJ while the production was 5,290 

PJ, as 70% of the resources were exported. The majority of the country’s consumed energy is 

drawn in large part from fossil fuels (78%) with the remaining coming from hydropower and 

biomass (UPME, 2015). 

With regards to electricity, the main energy generating sources are hydropower, gas, and coal, 

making up 70%, 10% and 8% of the total electricity production, respectively (UPME, 2016). The 

price of electricity varies greatly in accordance with the social class attached to each citizen, but 

on average the value is around 0,15€/kWh (Codensa, 2017). 

Recent regulatory introductions and policies suggest that the Colombian government is interested 

in investing in alternative energy sources, with a focus on solar and wind power. The country has 

several remote rural areas that maintain favourable climate conditions, but at this point are not 

connected to the national power grid due to both the distance from the substations and the lack of 

funding. 

A quintessential example of such area are the counties Aceitico, Garcitas, La Venturosa and Puerto 

Murillo located in Puerto Careño, which borders Venezuela. These counties do not receive 

electricity, as they are not connected to the grid and do not generate their own power using fuel 

(Arbelaez, 2017). However, they have persistent wind conditions, with an average wind speed of 

5-6 m/s at 10 m height, which means they are an ideal place to install the small wind turbine 

(IDEAM, 2015). 

Another example is San Andres island where the power coverage is very nearly at 100%, but the 

power generation comes from fuel combustion, which is an expensive and environmentally 

hazardous method (Gomez, et al., 2016). 

To get a better insight into the wind conditions of Colombia, Figure 3 is presented. It can be seen 

that in the coastal and mountainous areas the average wind speed is between 4 and 6 m/s. 
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Figure 3: Average wind speed in Colombia at 10 m height 

(IDEAM, 2015) 

Furthermore, the interest in renewable energy in Colombia is on the rise as can be drawn from the 

Colombian government agency ColCiencias supporting projects focused on education, 

investigation and innovation, while also investing in projects for small wind turbines (UPME, 
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2010). Additionally, there are private and partially private companies such as Central las Gaviotas, 

Grupo de Energías Bogota, and Sopesa looking for green energy solutions, and would potentially 

be willing to invest in the small wind turbine. 

2.2.1 Regulations for Renewable Energy Installations in Colombia  

 

Table 1 depicts the main regulations regarding renewable energy installations in Colombia. 

Name Year Description 

Resolution 167 2017 Regulation framework for installation of wind power plant. NOT 

YET APPROVED 

Resolution 

1312 

2016 A procedure for studying environmental impacts was set up. 

Law 1715  2014 Regulates the integration of non-conventional renewable energy to 

the national energy system. 

NTC 5412 2013 Measurements and evaluation of the characteristics of the power 

supply of wind turbines. 

Law 788  2008 Exempts income tax for sales of energy from renewable sources for 

15 years. 

Law 697 2001 - Reducing energy consumption 

- Moving towards the use of small-scale renewable resources 

 

Table 1: Regulations in Colombia regarding wind power 

To conclude, Colombia seems to be an attractive market for the small wind turbine. The turbine 

could be installed in areas without access to electricity, or it could replace expensive and harmful 

diesel generators, at the same time providing a reliable energy source. As wind conditions and 

national regulations allow for such a solution to be implemented, the above-mentioned companies 

and governmental agencies are to be contacted as potential clients. 

2.3 Spain 

Spain is a member of the EU located in southern Europe with an electricity access rate of 100% 

(index mundi, n.d.). However, not all of this electricity comes from the grid. There are rural areas, 

especially in mountainous regions (of which there are eight major ranges) which are not serviced 

by the grid, so people use diesel generators. 
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Spain is in the top five most expensive EU countries when it comes to electricity prices for 

households. The price varies throughout the 24-hour cycle, being more expensive in traditional 

peak hours, and cheaper late at night with the annual average price of 0,230€/kWh in 2017 

(Eurostat, 2017). SEO/Birdlife carried out a survey illustrating a typical Spaniard’s attitude 

towards alternative energy sources; the results demonstrated that 40% of respondents would install 

a renewable energy solution if it was priced lower, and if more information was provided. This 

gives a clear indication that there could be a potential market for the small wind turbine in Spain 

(ATRESMEDIA, 2018). 

Furthermore, wind conditions in the country are favourable for a small wind turbine - at 10 m, the 

national annual average wind speed is approximately 5 m/s, with several areas reaching an annual 

average of 7-8 m/s. The map in Figure 4 depicts these conditions. 

 

 

Figure 4: Wind conditions within national territory. 

(CENER, 2008) 

However, the current regulations for wind turbines hinder small wind installations as they do not 

differentiate between small and conventional wind turbines. This requires consumers and firms to 

spend a great deal of time working through the tedious administrative process, making it 
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increasingly complicated to install a cost-competitive small wind turbine. Moreover, every 

municipality (of which there are 8,124) interprets the regulations differently, adding further 

complications and roadblocks (Alvarez, 2012). 

Aside the complicated administrative process, strict regulations are established for anyone looking 

to supply their own electricity while remaining connected to the grid. The user has to pay additional 

taxes to connect to the grid with a self-supply system, which makes on-grid wind turbines 

progressively expensive. 

The Spanish Renewable Energy Companies Association APPA has made several proposals that 

would help solve the above-mentioned issues and make the Spanish market more attractive for 

renewables. Those proposals include a new energy plan where small wind is considered, a tax 

incentives and subsidies scheme, acceleration of paperwork, new regulations regarding producing 

own energy, etc. (APPA, 2010). However, these proposals have not yet been implemented. 

At present the Spanish market is not suitable for small wind energy due to the above-mentioned 

regulations. However, as has been conveyed in relevant surveys many people are attracted to the 

idea of producing their own energy with renewable solutions. In addition, the country has 

consistently favourable wind conditions, thus the Spanish market would be a strong market 

opportunity if the regulations change in the upcoming years. 

2.4 Lithuania 

Similar to Spain, Lithuania is a member state of the EU located to the East with a population of 

2.9 million. In Lithuania, electricity is highly accessible, reliable, and comparatively cheap. 

Electricity from the grid costs 0.112 EUR/kWh for households, making it the second cheapest 

country in the EU, after Bulgaria (Eurostat, 2017). At present (2018) 100% of the population has 

access to electricity (index mundi, n.d.). 

While the entirety of Lithuania’s population has access to electricity, there does remain some 

unpopulated areas that have been recognized as regions with residential potential. Several of these 

do not have developed logistics for communication, including electricity grid connection. If one 

was to build a house in such an area, one option would be to pay for the logistics install yourself, 

which could get very expensive, depending on the distance of the closest electrical substation. 
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Prices reach 5,400 EUR per kilometre (Eso, 2018); for this reason, a lot of people would rather 

buy land and build houses in areas closer to already established communications. 

People, though, rarely consider going off-grid with alternative energy sources, which would allow 

for cheaper energy sources in remote places. Installing renewable energy solutions would allow 

people to buy land and build houses based on their desire regardless of the communications’ 

situation. 

With price as a strong motivator, these remote regions in Lithuania should be looked at as a 

potential market for the small wind turbine. However, with the system running off-grid, additional 

energy sources, such as PVs, thermal collectors, and possibly a diesel generator, would be required. 

Wind conditions in Lithuania are favourable for wind turbines. At a height of 10 m, where the 

small wind turbine could be placed, the annual average wind speed varies from 3.5 to 6.5 m/s 

(Zir.lt, 2009). Higher wind speeds occur in the western part of the country, closer to the coast, as 

shown in Figure 5. Lithuania already has 21 wind farms operating with a collective power of 521 

MW, which in 2017 accounted for 12% of all the country’s energy demand (Lietuvos vėjo 

elektrinių asociacija, 2018). 

 

Figure 5: Average wind speed in Lithuania at 10 m height 

(Zir.lt, 2009) 
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Regulations 

One wind turbine is allowed to be built or installed on a plot of land without any municipal 

permission required as long as it meets the following regulations: 

• Rated power: between 0.5 and 10 kW; 

• Under 10 m height (including the length of the blades); 

• Installation is to be done by certified specialists. 

For larger turbines permission is to be acquired from the municipality (Kazlauskas, 2010). 

The size of the potential market is yet unknown and further research is required to truly ascertain 

the exact figures, however based on the population size and the factors mentioned above it does 

not seem to be very large. Researched remote plots of land for sale are located in close enough 

proximity to an electrical substation, which means that it would significantly cheaper to establish 

a grid connection than invest in alternative energy sources. 

All in all, Lithuania will not be considered as a potential market in this report due to low market 

size and that a combination of other sources, besides wind, would be needed. This report is only 

focusing on building a single wind turbine. Additional research should be done to further explore 

the potential sales of the small wind turbine into a Lithuanian market by combining it with other 

sources of generating electricity. 

2.5 Denmark 

In Denmark, the small wind turbine market is considerable due to a variety of policies and high 

electricity prices from the grid. Denmark, together with Germany, has the highest electricity price 

in the EU – 0.308 EUR/kWh (ca. 2.29 DKK), 67% of which are taxes (Eurostat, 2017). The Danish 

state highly encourages household wind turbines by implementing a large variety of schemes. 

On 11th February 2015 a new law was issued stating that for small turbines installed after 20th 

November 2012, the excess electricity would be bought according to the following rates for the 

first 12 years: 

• 0-10 kW turbines will receive 2.5 DKK/kWh (0.34 EUR)  

• 10-25 kW turbines will receive 1.5 DKK/kWh (0.20 EUR) 

(GreenMatch.dk, 2018). 
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This regulation has significantly increased the number of installations of small wind turbines and 

led to many companies focusing on the highest subsidised power of a turbine, being 10 or 25 kW 

to maximize economic benefits. This is illustrated in Figure 6. 

 

Figure 6: Yearly installation of small wind turbines classified accordingly to rated power 

(Conti, 2016). 

However, in recent years and with the increasing number of turbines, regulations have become 

stricter. Each year turbines newly connected to the grid will receive lower and lower benefits and 

by the year 2020 only receiving 0.6 DKK/kWh (0.08 EUR) for any sized turbine. Furthermore, for 

period 2016 – 2019 a ceiling of 1 MW per annum funded has been established (Danmarks 

Vindmølleforening, n.d.). 

Besides the depreciating economic benefits, it can be rather difficult and time-consuming to get 

permission to build one’s own wind turbine. Municipalities receive a great deal of applications, 

and it generally take several months to review, and even then, an approval is not guaranteed. 

Therefore, there has been a growing demand for smaller wind turbines. A turbine with a rotor area 
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of max 5 m2 can be installed without a permission, and would require a much lower capital 

investment yet will still largely reduce the electricity bill for a single house. 

However, at this point in time Danish manufacturers are not selling a turbine of this size, even 

though there is a demand for it. The Nordic Folkecenter for Renewable Energy noticed such a 

market gap and opportunity and as such committed to building a small wind turbine with a rotor 

area no larger than 5 m2. 

2.6 Conclusion 

The market for small wind turbines is clear in several countries. The turbine’s demand is at the 

highest in areas where there is no grid connection, or where electricity is expensive. National 

regulations play a significant role on whether installing a small wind turbine would be an economic 

benefit for a household, therefore, these should be considered before entering any market. 

Of the countries analysed, Colombia and most sub-Saharan African countries turned out to be the 

best potential markets as there are many regions without grid connections and with suitable wind 

conditions. This turbine would not only provide a cheaper and cleaner electricity solution, but 

would also highly increase energy reliability, when paired with batteries. Once the turbine is built 

and tested, the companies and organisations highlighted above should be contacted for financial 

assistance in these countries.  

From the researched European countries, Denmark was proven the only current potential market 

due to the high electricity prices and favourable regulations for small wind. Lithuania and Spain 

do not currently have a large demand for it. Lithuania has rather cheap electricity, which eliminates 

the need for alternative energy sources, while Spain’s regulations make it very difficult to install 

a cost-competitive small wind turbine. 
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3 Design & Implementation 

The following section discusses the different components needed to build a wind turbine and acts 

as a construction manual. For some components, several options are presented, which can be used 

depending on what is available. It should be noted that this guide follows the Danish regulations 

and is mainly made for on-grid systems, as this is usually the case for Denmark. Other countries 

might have different regulations which are important to consider when building a turbine there, 

and might require off-grid solutions. Most of the report can still be used for such applications, but 

additional components are required in these cases. A subsection Batteries is added to the report to 

get an insight of some of the extra components needed for off-grid systems; this was meant to help 

estimate the costs, as batteries are usually one of the priciest components in such systems. 

3.1 Power & Energy Estimation 

To begin with, the nominal power of the turbine is to be found. While this power can be used to 

compare with other turbines, it does not say how much energy it will produce. It is impossible to 

determine the potential amount of energy supplied by the turbine, however, a reasonable estimate 

and yearly savings for a consumer in Denmark are calculated. 

The rotor area plays a huge role in what the power output of the turbine would be. The following 

formula is used as a general rule to determine rated power: 

𝑃 =
1

2
∙ 𝜌 ∙ 𝑣3 ∙ 𝐴 ∙ 𝐶𝑝 

Where: 

• P = rated power 

• ρ = air density, normally 1.225 kg/m3 

• v = wind speed, where 10 m/s is often used rated speed 

• A = rotor area 

• Cp = Maximum power coefficient, usually between 0.25 and 0.45, depending on the design 

(theoretical maximum = 0.59). 

Based on estimation of generator and rotor efficiency, Cp was set to be 0.38. Hence, the rated power 

of this turbine was found to be 1.25 kW. 
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As the wind resources are not there 100% of the time, an assumption was made that the turbine 

will be producing energy 30% of the total time (STELR, 2016). This would give 3277 kWh/year. 

Part of this energy will be sold back to the grid, as the wind resources do not always coincide with 

the energy consumption, while the other part consumed by the owner. An assumption was made 

that 50% of the produced energy is consumed and the other 50% is sold back to the grid for 0.08 

EUR/kWh (0.6 DKK). The annual household energy consumption in Denmark is around 

3800kWh/year (Danish Energy Agency, 2015), (Statista, 2018). Having this data, total yearly 

savings turn out to be 639 EUR (4,793 DKK). The numbers are illustrated in the table below. 

 Energy, kWh 

Price, 

EUR/kWh 

Saved, 

EUR 

Consumed 1638.5 0.31 507.9 

Sold to the grid 1638.5 0.08 131.1 

Total   639.0 
 

Table 2: Yearly savings 

3.2 Blades 

One of the most essential components of any wind turbine is the blades. Their shape determines 

properties such as noise, speed, and power production. Therefore, extra care was taken in the 

design of the blades to enhance the quality of the turbine’s properties. 

3.2.1 Profile 

This section focuses on the rotor design stage. During this stage, blade momentum theory was the 

most relevant literature. As its name indicates, ‘blade momentum theory’ or BEM is an approach 

combining both blade element theory and momentum theory. Further clarification of these two 

theoretical concepts can be found in Appendix II. 

Based on the information analysed from BEM, a MatLab code was written, with the predominant 

outputs focused on the wing profile, inclusive of the power and local forces. A more detailed 

description of the code is located in Appendix III. 

The process followed for the rotor design was steeped in the Danish traditional guidelines, which 

are titled: upwind, three blades and clockwise rotation. Following on from the information pulled 

from these guidelines and dependant on various aerofoils and tip speed ratios, an array of different 

wing profiles was generated using MatLab code. 
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Based on the simulations, and after analysing the performances the optimal aerofoil was selected. 

The wing data can be found in the table below. 

Aerofoil B R, m X Rot. speed, 

rpm 

SG6043 

NACA 63-215 

3 1.06 5 300 

 

Table 3: Input data to MatLab code. 

In Table 3, a breakdown of the aerofoils used, number of blades, radius of the blade, tip speed ratio 

and rotational speed are provided. In  

Table 4, the relative radius, chord and pitch angle for each relative radius value are similarly 

provided. 

r/R c, m Beta, degrees 

0.2143 0.1594 19.9334 

0.3571 0.1217 10.7492 

0.5 0.0943 5.7843 

0.6429 0.076 2.771 

0.7857 0.0634 0.7707 

0.9286 0.0542 -0.6467 

 

Table 4: Chord and pitch angle. 

In Figure 7 pitch and chord distributions are shown. There it can be clearly seen that the chord and 

pitch angle distributions are dependent on the relative radius. 
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Figure 7: Pitch and chord distribution 

The tables above are arranged as such that having the cross section of each position, will serve 

readers in the pursuit of building their own wind turbine. The procedure to follow is 

straightforward, the starting point requires a piece of conventional construction timber, with a 

dimension of 200x47 mm. From there, printed cross sections that can be found in Appendix V 

must be stamped on to a piece of cardboard which holds the same dimensions as the timber. 

Following this, the surplus material is to be removed from the timber. The image below provides 

a guide on how the blade should look upon completion of the construction process. 
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Figure 8: Blade design 

If one wants to delve further into the required technical details, an analysis of the performance of 

the wing under differing conditions can be found in the Appendix IV. 

3.2.2 Material 

Another important factor to focus on is the material of the blades. The report talks about carving 

them from construction timber, though they can also be made from plastic or metal. Glass-fibre 

reinforced polyester composite (GRP) is one of the more common materials for wind turbines, 

however, it is increasingly a complicated and expensive material to use in the construction of 

blades compared to wood, especially when only producing one turbine. There are some individuals 

who prefer to construct blades out of PVS pipes, which is also a viable option as it remains one of 

the more malleable blade material options. Metal is not the best choice for blades, as it is prone to 

fatigue (Piggott, 2012). 

When selecting the timber, it is important to look for pieces without knots, however if that is not 

possible, then pieces with small knots or ones that can be worked around should be chosen. It is 

not of a great deal of importance what tree base is used, however research indicated cedar and 

larch are often recommended. Pine and spruce are also often used, and depending on your location 

might be easier to find in hardware stores. A piece 47x200x4200 mm of spruce can be bought for 
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approximately 17 EUR (2018) in a Danish store Jem&Fix. It is also possible to construct a blade 

from strips of wood laminated together with glue, as they are less subject to structural weaknesses, 

but can be more complicated to work with (Piggott, 2012). 

3.3 Brakes 

A braking system is necessary for a wind turbine to protect its components during very strong 

winds. It is therefore of high importance to install a reliable braking system in the turbine. 

Design regulations for big wind turbines requires them to have at least two different types of 

brakes. In the conventional models, aerodynamic and mechanical breaks are used, aerodynamic 

being the primary and mechanical the support braking system (Danish Wind Industry Association, 

2003). Both these systems operate using hydraulics, which requires a pump, hydraulic liquids and 

more space in the nacelle, making it a complex and expensive system (Moraleda, 2013). 

Small wind turbines (under 5 m2), however, do not have the same requirements, and having only 

one braking system is sufficient. These turbines mainly use mechanical or electrical brakes. 

Electrical brakes are less expensive, as they do not require hydraulics, instead, they take the energy 

from the generator and put it in the resistor bank (KOR PAK, 2017). Electric brakes can in some 

cases be incorporated in the motor, which would require only one-third of the maintenance 

compared to other common brakes on the market (ABB, 2016). 

For the small wind turbine an electric brake incorporated in the generator will be chosen, due to 

its smaller size, lower price and little maintenance needed. This solution presents a reliable system 

while keeping the design of the turbine simple and minimizing the costs. The price will be further 

discussed in the section Speed, Generator & Gearbox. 

Strength of the brakes is an important factor, and is asked for when ordering them. It is equal to 

the torque which the turbine produces with a certain safety factor. The following formula is used 

to calculate it: 

𝜏 =
𝑃

𝜔
=

(0.5 ∙ 1.225 𝑘𝑔/𝑚3 ∙ 15
𝑚
𝑠

3
∙ 5𝑚2 ∙ 0.38)/1000

209.44 𝑟𝑎𝑑/𝑠
= 20.09 𝑁𝑚 

The same power formula, as previously, was used, and the wind speed at 15 m/s was taken. This 

does not mean that the highest wind speed allowed is 15 m/s, however, due to stall effect, the 
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power output will not increase with increasing wind speed. Stall is supposed to occur at around 10 

m/s however, 15 m/s was taken for safety reasons. Then, angular velocity of 209 rad/s or 2000 rpm 

was chosen as to allow for some overspeed before braking. Ordering brakes of around 30 Nm will 

provide enough strength. 

3.4 PMG vs. Induction Generators 

In the wind industry, it is a raging debate on which technology is more optimal for use in the drive 

trains of wind turbines – permanent magnet generator (PMG) or an induction generator. While the 

conventional method is to use an induction generator, both technologies possess advantages and 

disadvantages. The following gives a brief explanation of both technologies and their main 

properties. 

In the PMG technology, the magnetic field on the rotor is created using a high-strength permanent 

magnet, as opposed to electromagnets in induction motors. This means that no electric current is 

flowing to the rotor, eliminating the need for brushes, thus enhancing reliability (Dvorak, 2013). 

This technology can be used as direct-drive, where no gearbox is needed, dispensing the risk of 

gearbox breakdown, which is one of the most common failures in wind turbines (Windpower 

Monthly, 2008). Additionally, this makes the PMG work more efficiently at partial loads, which 

is often the case for wind turbines (reve, 2010). Having fewer components also reduces 

maintenance costs, which is especially relevant for off-shore wind, but on land it seems to be 

cheaper to use a gearbox (Windpower Monthly, 2008). 

However, PMGs are generally large and heavy as they need to sustain the torque and stress which 

is usually carried by the gearbox. This results PMGs being even heavier than an induction motor 

with a gearbox combined. Although some argue that technologies have been developed, where 

PMG technologies provide lower mass as compared to induction generator plus gearbox 

technologies of equivalent size. PMG technology is also more expensive than induction generators 

(Windpower Monthly, 2008). 

An induction generator is a high-speed technology, where the magnetic field is created using 

electromagnets and current is transferred with a help of brushes. Induction generators require a 

gearbox to increase the low-speed of the rotor to that of high-speed generator. They are small, 

cheap and readily available. However, they have a disadvantage that they are not self-starting. This 
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is not an issue when the system is grid-connected, as the required energy can be taken from the 

grid. For off-grid systems, though, additional capacitors are required (Alternative Energy 

Tutorials, u.d.). 

For the small wind turbine, it was decided to use the conventional induction generator with a 

gearbox. This should provide a cost-competitive and reliable solution with smaller and lighter 

components. Furthermore, using a widely known design should ease the maintenance processes. 

3.5 Speed, Generator and Gearbox 

As previously established, an induction motor and a gearbox will be used. These will have to be 

purchased and most likely will end up being the most expensive components. To give an estimate, 

they can cost around 1100 – 1350 EUR (8000-10000 DKK). 

The speed of the rotor becomes very important when choosing a generator and a gearbox. This, 

however, can be rather tricky business and the optimal speed is often determined via trial and error. 

For a small, budget wind turbines there is not much room for trial and error, therefore the tip speed 

ratio, which is the ratio of wind speed to the tip of the blade, was determined by simulating the 

blades using ANSYS software combined with knowledge gained from several reports. The optimal 

tip speed ratio was found to be 4, which means that at nominal wind speed of 10 m/s, the blades 

will turn at 40 m/s. This translates to 31.75 rad/s or 303.15 rpm. 

When buying the generator, it is important to note its nominal power, and speed. As the turbine is 

meant to produce 1.25 kW, the motor has to be able to produce at least this power. 1.5 kW or 2.2 

kW motors are common and could be good solutions. Speed of the motor can also vary, as long as 

the gearbox is able to provide it. It is necessary to remember that the high-speed shaft of the turbine 

has to be 8-10% higher than the given motor speed, so it would start producing, instead of 

consuming power. That is, if the motor’s nominal speed is 1500 rpm, it should be running at 1620-

1650 rpm in reality. 

As previously discussed, it is a good idea to try to look for break motors. Sometimes the 

manufacturer does not state this, but most of them are able to mount a break. 

When it comes to the gearbox, try choosing helical gears, if possible, as this type of gear would 

produce less noise compared to others. Other important factors are torque and gear ratio. Torque 

is calculated using the following formula: 
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𝜏 =
𝑃

𝜔
=

1.25 𝑘𝑊 ∙ 1000

31.75 𝑟𝑎𝑑/𝑠
= 39.3 𝑁𝑚 

As a safety factor, the torque is often doubled when choosing a gearbox, meaning that a gearbox 

with a torque of 78.5 should be purchased. 

As for gear ratio, it depends on the generator and the rotor speeds. It can be calculated by dividing 

the two, as for example: 
1500 𝑟𝑝𝑚

303.15 𝑟𝑝𝑚
= 4.95. When choosing the gearbox, the ratio above this one 

should be chosen to provide higher speed than the synchronous motor speed. 

It can be a good idea to buy the generator and gearbox as a unit – a geared motor. For example, a 

helical gear motor, with a power of 2.2 kW and a gear ratio of 5.24 is a viable option. 

3.6 Controllers 

Controllers are needed for measuring the speed of rotation and produced output as well as for 

activating the brakes and, in some cases, switching on and off grid. 

To begin with, one of the controllers needed is the rpm counter. It measures the rotation of the 

high-speed shaft and is therefore able to tell when the power is generated and when it is consumed. 

There are several different types of such controllers, including rotary, optical, and proximity. The 

optical controller is a photoelectric sensor that uses light or laser beam to measure the rotation 

speed, and therefore does not require a direct contact with the shaft. Such a device can be bought 

on ebay.com or similar websites for around 13-70 EUR, depending on the brand. In order to reduce 

costs even further, it is possible to buy a micro controller board, programmed to measure the rpm 

throughout a speed sensor costing approx. 5 EUR. 

Additionally, the controllers need to be connected to a switch and programmed in such a way that 

when the speed reaches a certain limit (depending on the generator), the brakes would be activated 

and the turbine would be stopped. This is needed as a safety measure to make sure that the turbine 

and the surroundings stay safe during very strong wind. 

Having this system would generally be enough for a turbine to function. However, a lot of times, 

when the wind speed is not strong enough, and the high-speed shaft would not go above the 

generators synchronous speed, the turbine would be consuming power instead of producing it. To 
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avoid this problem, another controller can be installed that would switch the turbine on grid when 

the speed is high enough and would switch it off when the speed is too low. 

3.7 Yawing and Tail 

The rotor plane needs to be facing the wind at all times to achieve the optimal output. Hence, the 

nacelle needs to yaw, or turn around its vertical axis, depending on the direction of the wind. The 

most common way in medium and large wind turbines is to use active yaw control, where sensors 

measure the direction of the wind and, with a help of yaw bearing, a connection between nacelle 

and tower that allows rotation, the rotor is faced towards the wind. In the small wind turbines, 

however, it is more common to use passive yaw control, due to economic reasons. Passive yaw 

systems utilise the power of the wind. For upwind systems, this is often done by using a tail. 

Having a tail attached to the nacelle allows the nacelle to yaw towards the wind without any effort. 

Therefore, this solution was chosen for the small wind turbine being designed. 

The two components needed for this system is a yaw bearing and a tail. 

For what concern the tail, it is rather easy to design and the requirements are not very strict. Several 

rules of thumb should be kept in mind for optimisation. First, the area of the tail vane should be 

no less than 5% of the rotor swept area. For the 5m2 turbine, this should be min 0.25m2. The larger 

the area, the greater effect it has on keeping the proper rotor pointing (Windynation). Next, it is 

best when the tail vane is higher rather than longer. Generally, it should be twice as high as it is 

long. 

Figure 9 shows positioning of the tail vane in regards to the nacelle. The tail boom length, L, has 

one point at the yawing axis and the other at 1/3 of the length of the tail vane, as shown. Length L 

should be equal to approx. 60% of the rotor diameter, here being 1.5 m. Finally, it is very important 

to position the tail vane right in the middle of the nacelle (Windy Nation, n.d.). 
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Figure 9: Tail measurements 

(Windy Nation, n.d.) 

These are the main guidelines to follow when designing a tail vane for a small wind turbine, but 

there is a lot of room left for creativity when it comes to its shape. As for materials, there is some 

freedom there too, depending on availability. Try to look for what is available at home, in a nearby 

workshop or a local scrapyard to reduce costs and reuse materials. The tail vane can be made of 

plywood, aluminium, steel, or similar materials. For the tail boom it is best to use a steel rod, for 

its strength, but again, this is not a requirement, and materials with similar properties can be used. 

The most important thing is to attach the parts correctly, as a lot of failures in small wind turbines 

happen due to improper attachment of the tail. The tail vane can be bolted using small steel plates 

or if resources and materials allow for it, welded. 

The other part needed for the yawing system to work is a yaw bearing. As buying bearing can be 

rather expensive, there are several alternative options that can be used. 

First, a bearing from another, no longer in use device or machine can be reused. It can, for example, 

be taken from a wheel of a wheelbarrow, an old car, or similar. The part must have a stationary 

part to be mounted on the tower and a rotating part attached to it so it can rotate the nacelle. Figure 

10 below illustrates a bearing taken from a wheel of an old car, which is suitable to use in a wind 
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turbine. This part was found in a local workshop. The bottom part is to be mounted on the tower 

and the top is to be attached to the nacelle. 

 

Figure 10: Yaw bearing 

However, it is likely that not everyone can easily find an old bearing. In that case, there is another 

cheap and simple option that is just as effective. This would require having two steel pipes, one 

going inside of the other. One pipe needs to be fixed to the tower and the other to the nacelle. A 

soft material, such as plastic, or similar, can be put in between the two pipes to reduce the noise 

when the turbine is yawing. 

3.8 Nacelle 

The nacelle can be modelled according to anyone’s preferences, available resources, and the shape 

and size of the components, such as the generator and the gearbox. 

For the prototype, a steel plate was used, to which the motor was bolted. The tail boom was welded 

to the plate and the tail vain bolted to the boom. The yaw pipe was welded to the bottom of the 

steel plate. A cover for the generator was made for both aesthetic and protection purposes. The 



 
30 

cover was made from wood and bolted to the plate. This cover can be painted any colour and have 

various designs, depending on what the user prefers. Generators that are meant for harsh, outside 

environments do not even require a cover, this should be checked when ordering one. However, a 

cover is very simple to make, and often the turbine looks better with one. In Figure 11 it can be 

seen how the nacelle for the prototype was made. 

 

Figure 11: Prototype being tested 
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3.9 Tower 

Another important part of the wind turbine is a tower. Its function is to support the nacelle and the 

rotor and offer the necessary altitude where there are better wind resources. 

 

Figure 12: Types of towers 

(Air Solutions, 2018) 

Towers can be categorized into two main categories, freestanding and guyed towers. Freestanding 

towers depend on a deep and solid foundation to bring stabilization and support for the wind 

turbine. There are two types of freestanding towers, Figure 12: truss or lattice and tubular or pole 

tower, these are illustrated in Figure 12. 

The second category is guyed towers. They are characterized by having connecting cables that are 

anchored to the ground and support the tower. For small wind turbines, the freestanding tower is 

more expensive compared to the guyed tower, but the guyed tower needs more space in order to 

hold the pole firmly (Gipe, 2016). 

For this project the aim is to build a turbine with minimal costs, therefore, first materials available 

at home, at a workshop or a close-by scrap yard should be checked. Almost any strong, tall metal 

structure would do the job, whether it is a tower from another wind turbine, an old street light pole, 
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or similar. If this is not an option for some, there are stores where one can buy a tower. In  

Table 5 several companies in selected countries are presented that can be contacted for a tower. 

It should be noted that the tower should be around 10 m tall. Although if the regulations in the 

specific country allow, the tower can go much higher than that, even 40m tall, as the wind resources 

are better there. 

No.  Company Country Reference Description Price (€) 

1 Bornay Spain P 400 • Wind turbine tower 

• Height: 10 m 

• Four legs self-supported 

1350 

2 Solarmat Spain Kit mastil • Assemble yourself wind 

turbine kit  

• Height: 10 m 

• Pivoting base for quick and 

easy maintenance 

• Galvanized steel pipe 

1000 

3 Fiasa Argentina  Tower 10,06 • Wind turbine tower 

• Height: 10 m 

• Four legs self-supported 

1400 

4 Uniscrap Denmark  Street light 

pole 

• Scrap yard 

• Street light pole can be 

found 

• Second hand 

• Height: ~10 m 

0.34 

(€/kg) 

5 PRIESS Denmark 12 m Lattice 

tower 

• 12 m 

• Including foundation 

2280 

 

Table 5: Tower companies 

Some companies offer foundation, and while it might be the simplest and safest option, one can 

also make it safely by him/herself. Guyed towers would offer the best support in such a case. 

3.10 Wiring 

Wiring of the turbine should be handled with care and close attention. Proper wires in terms of 

size, material, insulation type, ampacity and voltage should be chosen. The main cables needed for 

the small wind turbines are the following: 
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• Generator cable 

• Controller cable 

• Grounding cable, in case of lightning. 

3.11 Batteries 

The available wind and solar resources do not always coincide with the time when the electricity 

is consumed, therefore, if a system is not grid-connected, energy storage is needed. 

In places such as Colombia or some African countries renewable energy installations are a new 

technology, and they do not have the infrastructure to connect the electricity from renewables to 

the national grid. Furthermore, in some areas people do not have electricity and electric grid at all. 

For these cases it is necessary to use storage and the most common way to do it is using chemical 

batteries, having lead as the main component. These batteries have a good price-to-available-

storage ratio (Delta Volt SAC, 2010). 

Colombia was taken as an example to illustrate the amount and price of batteries needed for the 

system. The following equation was used to find the capacity of batteries needed: 

Battery Capacity (Ah) =  
𝐷𝑎𝑖𝑙𝑦 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 ∗ 𝐷𝑎𝑦𝑠 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑤𝑖𝑛𝑑

𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 ∗ 𝑉𝑜𝑙𝑡𝑎𝑔𝑒 ∗ 0.5
=

4000 
𝑘𝑊ℎ

𝑑𝑎𝑦
 ∗ 3 𝑑𝑎𝑦𝑠

0.8 ∗ 24 𝑉 ∗ 0.5
= 1250 𝐴ℎ 

The average electricity consumption in Colombia per house in social classes one, two and three is 

around 3,93 kWh/day (Codensa, 2017). From the wind characteristics for Colombia, it was 

obtained that taking 3 consequent days without wind provides the optimal solution for the battery 

calculations (IDEAM, 2015). 

From the equation, it was obtained that the battery capacity needed is 1250 Ah, to supply the 

energy for the days when there is no wind. There are several brands to choose from on the market, 

and the following four were chosen as an example: 

Brand  Model Description Price (€) Quantity Total price (€) 

Varta LFD230 
V: 12 Volts 

Cap: 230 Ah 
247 12 2964 

Crown 12-85-17 
V: 24 Volts 

Cap: 850 Ah 
4860 2 9760 
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EnergyCell 800RE-24 
V: 24 Volts 

Cap: 672 Ah 
5600 2 11200 

Enersys 

Hawker 
ECO006 

V: 12 Volts 

Cap: 519 Ah 
1096 6 6576 

 

Table 6: Examples of batteries 

As it can be seen from Table 6, some batteries, such as Varta, are cheaper, but would require more 

space, as 12 batteries are needed to obtain the sufficient capacity. Therefore, the chosen solution 

is a compromise between space and costs, depending on the user’s needs. 

It is important to note that the above-mentioned are only the prices for batteries, which do not 

include the costs for the inverter, charger control and the cables that are necessary for the system 

to operate. 

3.12 Price & Payback 

The table below summarizes the costs for building a small wind turbine. Naturally, these might 

vary highly depending on what materials one has available and how willing they are to look for 

alternatives. However, this provides a reasonable estimation and for around 2500 EUR one should 

be able to build a turbine in Denmark or elsewhere. 

Component DKK EUR Comments  

Tower 5000 667 Old tower 

Generator with brakes 5000 667  

Gearbox 4500 600  

Blades 125 17 Wood piece 

Controller 300 40  

Cables 300 40  

Tail 1000 133  

Extras 2500 307  

Total 18725 2497  
 

Table 7: Price overview 

As previously calculated, yearly savings the turbine would provide a household in Denmark are 

639 EUR. Hence, the payback period was found to almost 4 years which is considered to be very 

short. 
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4 Conclusion 

Wind resources are available across all corners of the globe and can be utilised to provide clean 

and cheap energy. The higher in altitude you go, the higher the wind speeds are. However, local 

regulations and attitudes play a huge role when it comes to the construction of a wind turbine, 

therefore, these must always be consulted in advance before any project can go underway. 

This paper has provided the guidelines of which components will be needed and how to build them 

regarding the microgeneration design. The essential components that will likely need to be bought 

are the generator with brakes and gearbox, while the others, inclusive of the blades, tail, and cover 

can be constructed at home without too much hassle. The tower can be assembled from scrapyard 

materials. These basic elements are all that is needed to build a small wind turbine and anyone 

after reading this report should have the capacity to be able to do it themselves, while keeping 

safety regulations in mind. The estimated costs for the microgeneration turbine are 2500 Euros, 

which remains one of the most cost-accessible quality models. 

The turbine would be very beneficial for any household in Denmark, as the country’s regulations 

allow individuals to build without having to seek additional permissions, and the wind resources 

provide consistent input. Furthermore, with high electricity prices this turbine design is likely to 

have a payback period under 4 years. 

Drawing form current market research the turbine might not yet be beneficial for the other 

European countries analysed, where the wind resources are not as as reliable, where electricity is 

inexpensive and available to everyone. It may however be extremely relevant in other parts of the 

world, inclusive of Colombia, and many sub-Saharan African countries. Countries where not 

everyone has access to electricity and the regulations for building a small wind turbine are not 

difficult to obtain. 
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Appendix I: List of Organisations 

The following is a list of organisations that are working on developing African countries, including 

finding sustainable energy solutions. These could be potential clients for the small wind turbine. 

 

1. Marshall Plan with Africa, from Federal Ministry for Economic Cooperation and 

Development 

https://www.bmz.de/en/countries_regions/marshall_plan_with_africa/index.html 

 

2. Sustainable Energy Fund for Africa, from Danish government and African Development 

Bank 

https://www.afdb.org/en/topics-and-sectors/initiatives-partnerships/sustainable-energy-

fund-for-africa/ 

 

3. Africa Renewable Energy Initiative, from the G7, Sweden, The Netherlands and the 

European Commission 

http://www.arei.org/ 

 

4. Sustainable Development Goal 7, from Sustainable Energy for All 

https://www.seforall.org/ 

 

5. Renewable Energy Cooperation Programme, from European Union and the African 

Union 

https://www.africa-eu-renewables.org/ 

 

6. Power Africa, from US Agency for International Development 

https://www.usaid.gov/powerafrica 

  

https://www.bmz.de/en/countries_regions/marshall_plan_with_africa/index.html
https://www.afdb.org/en/topics-and-sectors/initiatives-partnerships/sustainable-energy-fund-for-africa/
https://www.afdb.org/en/topics-and-sectors/initiatives-partnerships/sustainable-energy-fund-for-africa/
http://www.arei.org/
https://www.seforall.org/
https://www.africa-eu-renewables.org/
https://www.usaid.gov/powerafrica
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Appendix II: BEM Theory 

With the growth of the internet of things, access has grown for those in pursuant of the information 

which has in previous years remained exclusive to those in the relevant academic settings. Now a 

more detailed and concise theoretical analysis about BEM can be located, for example in the book 

Wind Energy Explained: Theory, Design and Application book. 

With regards to colleagues that have come before, and the current stability in the information it 

does not call for further analysis at this stage, and those who are inspired to read further may in 

turn do so. It can be said that Blade Element Momentum theory is an approach in which the 

analysis of a wind turbine blade is divided into several elements, and to each of these elements the 

equations from blade element and momentum theories are applied in order to obtain the required 

output in the wing design process. The number of elements which the blade is divided into is 

dependent on the individual designer, however for small wing turbine blades, the recommend 

number is from 4 to 8 (Gundtoft, 2009). 

Prior noting the equation which are used in MatLab code, and in order to be able to understand 

them, some aerodynamics basics must be clearly demonstrated. These elementary points are 

focused almost solely on the essential angles and forces on the rotor. 

 

 

Figure 13: Angle of attack and lift and drag forces 

 (Gundtoft, 2009) 
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In the above picture, the angle of attack, in relation to the relative wind speed, and the lift and drag 

forces is shown. The lift and drag forces can be calculated using the equations shown below: 

𝐹𝐿 = 𝐶𝐿 ∗
1

2
∗ 𝑝 ∗ 𝑤3 ∗ (𝑏𝑐) [𝑁] 

𝐹𝐷 = 𝐶𝐷 ∗
1

2
∗ 𝑝 ∗ 𝑤3 ∗ (𝑏𝑐) [𝑁] 

Where: 

𝑝 = 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑎𝑖𝑟 [
𝑘𝑔

𝑚3
] 

𝐶𝐿 = 𝑙𝑖𝑓𝑡 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [−] 

𝐶𝐷 = 𝑑𝑟𝑎𝑔 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 [−] 

𝑤3 = 𝑟𝑒𝑙𝑎𝑡𝑖𝑣𝑒 𝑤𝑖𝑛𝑑 𝑠𝑝𝑒𝑒𝑑 [
𝑚

𝑠
] 

𝑏 𝑎𝑛𝑑 𝑐 = 𝑏𝑙𝑎𝑑𝑒 𝑤𝑖𝑑𝑡ℎ 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑎𝑛𝑑 𝑐ℎ𝑜𝑟𝑑 𝑙𝑒𝑛𝑔ℎ𝑡 [𝑚] 

The different angles and speeds are dependent on the given radius, which can be found in the 

picture below. 

 

Figure 14: Speed and angles 

(Gundtoft, 2009) 

Where: 

𝛽(𝑟) = 𝑝𝑖𝑡𝑐ℎ 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑑𝑒 
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γ(r) = angle of relative wind to rotor axis 

φ(r) = angle of relative wind to rotor plane 

With that in mind, the pitch angle and chord distribution can be calculated using the equations 

below: 

𝛽(𝑟) =
2

3
∗ arctan (

𝑅

𝑟𝑋
) − 𝛼𝐷 [𝑟𝑎𝑑] 

𝑐(𝑟) =
1

𝐵
∗

16 ∗ 𝜋 ∗ 𝑟

𝐶𝐿
∗ sin2 (

1

3
∗ arctan (

𝑅

𝑟𝑋
)) [𝑚]  

Where: 

𝑅 = 𝑟𝑎𝑑𝑖𝑢𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑏𝑙𝑎𝑑𝑒 [𝑚] 

𝑟 = 𝑙𝑜𝑐𝑎𝑙 𝑟𝑎𝑑𝑖𝑢𝑠  

𝑋 = 𝑑𝑒𝑠𝑖𝑔𝑛 𝑡𝑖𝑝 𝑠𝑝𝑒𝑒𝑑 𝑟𝑎𝑡𝑖𝑜 

𝛼𝐷 = 𝑑𝑒𝑠𝑖𝑔𝑛 𝑎𝑛𝑔𝑙𝑒 𝑜𝑓 𝑎𝑡𝑡𝑎𝑐𝑘 [𝑟𝑎𝑑] 
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Appendix III: MatLab Code 

Applying the equations located in Appendix II, a MatLab code was created. The working 

procedure of the software is the following: the user inputs the design point, angle of attack, tip 

speed ratio and coefficient lift; and with those values, the code calculates the chord and pitch angle 

distribution depending on the local radius. That code can be found below: 

 

Figure 15: Pitch and chord code 

A more complex and thorough version of the code was written for the calculations of local forces 

and total power output of the designed rotor. That code can be found in the images below. A 

breakdown on operating with this code and how it works is located within the code itself. 
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Figure 16: Lift and drag coefficient function 

 

 

Figure 17: Fitting error program 
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Figure 18: Interfacts calculation code 
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Figure 19: Load and power calculation code 

Due to lack of time, this code was not completely developed, and QBlade software was used in its 

place. 
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Appendix IV: QBlade Simulation 

After choosing the optimal airfoil, and in order to establish the performance, a simulation was 

carried out using the software QBlade. The procedure followed in this simulation was: 

1. Import the airfoils to the tool. 

2. Set the right Reynolds number, in this case 50,000. 

3. Import the blade profile data to the software from the MatLab code. 

4. Run the simulation under a variety of conditions. 

The results from the simulation can be found in the images below: 

 

Figure 20: Power and thrust coefficient and induction axial factors 

During the prototyping stage, a structural critical error was found in the root of the wing, causing 

vulnerabilities when tested at high speed wind conditions. In order establish the degree of influence 

on the blade performance when changing the root areas airfoil, a simulation, which can be found 
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in the above image was generated. SGX5 rotor is the simulated blade with the same consistency 

of airfoil along the whole length. Meanwhile SGX5-I is the reinforced wing profile. As it can be 

seen, the differences between the two profiles are are not to a significant degree, although the 

SGX5-I profile has better structural safety than the SGX5 profile. 

 

Figure 21: Power, thrust and induction axial factors curve for different rotational speeds 

The purpose of the simulation from Figure 12 was to show the power, thrust and induction axial 

factors curve for different rotational speeds. In generating this, the ideal rotational speed was to be 
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found, so the stall could occur under safer conditions. Following several attempts, the rotational 

speed 300 rpm was selected. 

 

Figure 22: Structural simulation 

In the image above a rapid structural analysis it can be seen that the highest stress in the blade 

under 30 m/s wind conditions is 22 MPa, and the maximum deflection is 0.6 mm. The mechanical 

properties of spruce, which is the conventional construction timber are (MakeItFrom, 2018): 
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𝐸 = 16000 𝑀𝑃𝑎 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ = 85 𝑀𝑃𝑎 

𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑆𝑡𝑟𝑒𝑛𝑔ℎ𝑡 = 50 𝑀𝑃𝑎 

As can be clearly understood from the image and values, the blade under those conditions is in a 

safety zone, so any potential problems due to structural loads are avoided. 
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Appendix V: Drawings 

The following drawings are to be printed out on A4 paper and stamped on cardboard which will 

then facilitate when carving the blades out of timber. 
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