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Abstract 

 

 

In this capstone design project, I am going to design and fabricate the blades of a small 

homemade wind turbine using plywood and aluminum. We are going to investigate the different 

types of wind turbines: Vertical axis and horizontal axis wind turbines. We will also study and use 

different designs for the blades and towers. We are going to use Solid Work Software to test and 

model the proposed designs. Then, fabricate the structures using cartons, plywood, and 

Aluminum. 

 This capstone project aims to help the Moroccan society to go more eco-friendly by 

adopting a clean and renewable source of energy such as: wind energy.  

 This is an application that would make the people’s life better because they will be 

spending less money on electrical bills as well as protecting the environment from pollution. There 

will be less 𝐶𝑂2 emissions into the air which means less air pollution; also, the risk of getting lung 

cancer will be decreased as the air pollution decreases.  

 The very first step to start with is to analyse the different types of designs and shapes of 

the wind turbine blades that already exist and operate on the market.  
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Feasibility study 

 

Project Context: 

 The object of this capstone project is to design and fabricate a small homemade wind turbine 

using plywood and aluminum.  For, I will need to study the feasibility of this project.  

 I need to study the different types of wind turbines: vertical and horizontal, and make a 

comparison study to see which one works best for me. Also, I will use the SolidWorks software to 

make the design, find the right dimensions, and assemble it afterwards. Moreover, I will use the 

RetScreen software to collect wind data of the region of Ifrane, as it is compulsory to this kind of 

projects.  

 Then, make another comparative study to choose the right materials for the fabrication 

process of the wind turbine. At the moment, I am thinking of plywood and aluminum, I will know 

more once I start the fabrication as materials tend to behave unexpectedly when applying force. 

Furthermore, I will need to make blades, use copper wires and a small motor that will behave like 

a rotor shaft to the turbine.  

 Market Analysis: 

Several countries around the world have been switching to alternative sources of energy 

during the past fifteen years. Due to climate change and pollution rate over the past decades, Earth 

cannot afford getting more damaged, but the need of energy can only increase.  
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STEEPLE Analysis 

1. Social 

This in fact is a social application, as it helps the community to adopt a clean and a 

renewable energy to meet their daily energy needs.  

2. Technology 

Prompting a new technology to the region of Ifrane by making it accessible to the 

rural community. A wind turbine made at home with available materials will encourage 

people to build their own and use the free wind.  

3. Environmental  

Adopting a new source of clean energy will help the people. There will be less need 

for combustion energy sources thus less air pollution and less lung cancers. Conserving a 

clean environment is the primary objective of this project. 

4. Economical  

The people will have their own homemade wind turbines, which means they will 

pay less money for the device. Moreover, they will not pay high electrical bills, as the 

electricity consumption will be covered from the energy they got from the wind turbines.  

5. Political  

The project is not related to any governmental projects or activities. It goes hand in 

hand with the university academic policies. The main goal behind this project is to help our 

community to develop and adopt eco-friendly solutions for a better future to our 

environment.  

6. Legal 

The fabrication process is totally legal. The Moroccan constitution does not include 

any articles about one creating their own source of energy.  

7. Ethical  

Information about the design, process, and fabrication of the wind turbine will be 

public thus accessible to everyone online who would be interested in making their own.  
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1.1: Introduction 

 The wind is a type of solar energy [3]. Winds are formed when the sun heats the atmosphere 

unevenly in different parts; it is the result of changes in pressure and temperature [2]. Which leads 

to the enlargement of warmer air putting more pressure on where it is cool and less pressure on 

where it is warm. The patterns of wind-flow change from one region to another depending on the 

permanent vegetative covers and water bodies [2]. When the wind turbines gather this motion of 

air they produce electricity.  

Wind turbines are devices that convert wind to energy. To be more specific, they convert 

the kinetic energy from the wind into electrical energy [3]. Collecting wind and transforming it 

into energy does not affect the cycles not the currents of the wind [2]. Despite their different 

shapes, wind turbines are composed of blades, a tower, a rotor shaft, and a nacelle containing the 

generator. So how does it work? The wind makes the rotor of the wind turbine turn due to the 

movement of the blades, which is referred to as the kinetic energy [3]. The wind pushes the rotor 

to turn; the blades movement makes the generator produce power. 

  When talking about wind power or wind energy we refer to the process of how the wind is 

used to generate electrical energy. The kinetic energy is being converted into mechanical energy, 

and then the generator converts into to electrical power. The energy in the form of mechanical can 

be then used for grinding grains or pumping water …, while the one in the form of electrical can 

be used to run electrical devices such as a fridge or a boiler … 

The table shows the ranking of the countries that use most wind power in 2015 [10]. 
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Table 1 World Ranking 

 

1.2: Advantages of Wind Power 

Wind energy has many advantages as [4]: 

 The wind is unlimited  

 The wind is free because it is naturals 

  The wind is a clean source of energy 

 Wind energy does not emit greenhouse gases  

 Wind energy is ecofriendly than fossil fuels 

 Wind power is cost effective 
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1.3: Disadvantages: 

Despite from being a clean source of energy. The wind power technology has disadvantages as 

well, but hopefully it does not help increasing air pollution [4]. 

The disadvantages concern  

 Wildlife: The birds and bats lives are exposed to danger when flying next to a wind 

turbine’s blades, they end up getting killed. On the other hand, the consequences of 

offshore wind power plants on marine life are still unclear [6]. 

 Noise: the construction of the wind turbines either onshore or offshore makes too 

much noise. It affects both human kind and animals. 

 Location Remoteness: it evolves more transportation cost as the power plants are 

away from the city. 

 Sea Safety: during night time, it is hard for marine traffic as there is light is the sea. 

1.4: Types of Wind Turbines 

 There are two types of wind turbines available on the market: Vertical axis and horizontal 

axis wind turbines [1]. These two types operate for the same purpose: producing energy from wind. 

The only difference is the shape of the blades and their efficiency. Choosing a suitable wind turbine 

type depends on the location, the wind speed, and their application. Horizontal axis wind turbines 

are the wind turbines that we see the most operating on large wind farms [9]. They are dominant I 

the big wind business [9]. While the vertical axis wind turbines are more suitable in domestic [9] 
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Figure 1 Types of Wind Turbines 

1.4.1: Horizontal Axis Wind turbine 

 Horizontal Axis Wind Turbine or as referred to as HAWT is a wind turbine that has a rotor 

shaft and the nacelle on a horizontal axis. The main shaft is placed on the top of the tower, and is 

pointing out of the wind [8]. The wind turbine has a gearbox that changes the blades slow rotation 

into a faster one to make it more convenient in order to generate electricity [8]. 

The HAWT is composed of:  

 Rotor Shaft 

 Blades 

 Generator 

 Tail vane  
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 Gearbox 

The following figure shows the component of the main shaft of the HAWT 

 

1.4.2: Vertical Axis Wind Turbine 

 Vertical Axis Wind Turbine or as referred to as VAWT is a wind turbine whose main shaft 

rotates on a vertical axis. The blades of the wind turbine have a completely different shape than 

the HAWT. Its building and maintenance costs are significantly cheaper than the HAWT [9]. One 

of the reasons that makes it cheaper than the HAWT is that the blades of the VAWT face the wind. 

Figure 2 Horizontal Axis wind Turbine Components 
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1.5 Power Plants 

 There are two types of wind turbines power plants: the onshore & the offshore. The onshore 

wind turbines operate on land, while the offshore wind turbines operate on seas. Both types serve 

for the same purpose, but still they are physically different from each other.   

 The amount of produced energy depends on one variable which is the wind. If there is wind 

there is electricity, and if there is no wind there is no electricity. This is why before building a 

power plant, experts collect wind data from 4 to 6 years. This operation makes them study the 

wind, and gives them the ability to forecast or predict the strength of the wind for the future. The 

choice of wind turbine type to operate on offshore and offshore power plants is limited to the 

HAWT. The HAWT has a tendency to produce more power than the VAWT in those conditions. 

1.5.1: Onshore Power Plant  

 Onshore power plant is a power plant that is located on the main land. The wind is not as 

strong as in the seas, but it is strong enough to turn the blades and generate electricity. At first, the 

wind turbine power plants were installed on land, then the technology developed as they studied 

the wind speed on seas, and started installing them there for a greater energy production. 

 In main land, both HAWT and VAWT can be installed, but the type of wind turbines to be 

Figure 3 Wind Power Plants Types 
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used depends on two factors: location and wind speed. Generally, big wind farms adopt the HAWT 

for a better energy production. 

 

Figure 4 Horizontal Axis Wind Turbines 

1.5.2: Offshore Power Plant 

 Offshore power plants are power plants located in the waters, especially in seas. The wind 

there has a tendency to be very high speed which means more energy can be produced than in the 

main land. Many researches have been conducted during the past years in order to develop this 

technology. The need of energy has been increasing, thus the power plant needs to be exposed to 

more wind as possible. The following figure shows the improvement that have been made on the 

supports of the turbines to get them as far from land as possible.  
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Figure 5 Evolution of Offshore HAWT Wind Turbines 

As the image shows, the energy production is increasing as the turbine gets exposed to higher 

speed wind.  

 The offshore power plants do have disadvantages as well as they affect negatively the sea 

life. Many researches have been conducted regarding this matter, but they still cannot confirm 

anything yet [6]. 

1.6: Morocco as a Leading power in the Wind Turbine Technology: 

 Ever since the solar power plants in the south region of Morocco have been operating on 

February 2016, they have been a success. Using the latest technologies, the NOOR stations could 

not be any better rivals in the solar power market. Thanks to this Morocco has the largest solar 

power plant in the entire world.  The first solar power plant in Morocco NOOR 1 is supposed to 

cover the energy need of 1,000,000 inhabitants in the country. The extra energy will be exported 

to other countries whether in Europe or in Africa. This project is going to help the Moroccan 

economy because it will minimize the energy amount that the country imports from elsewhere, 

which is approximately 90%.  
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Morocco does not stop there, another power plant with a different type of energy has been installed 

both in the south and in the north of the country, Wind Turbine Power Plants. The largest power 

plant in the continent of Africa can be found in the city of Terfaya in the southern coast of the 

country. It is an onshore wind farm and has 131 HAWT wind turbines, and it can produce up to 

300MW [22].  The country has benefited a lot from this project, as it allowed the government to 

reduce tremendously the bills of oil importation by $190,000,000 as well as the  𝐶𝑂2 emission of 

the country by 900,000 tons/year.  

1.7: Moroccan Wind Farms 
The following table shows the distribution of the wind farms across the country [28]. 

 

Site Capacity (MW) Commissioned  Average Annual Protection 

(GWh)  

AL Kouida 3.5 03/2001 12 

AL Kouida 50 08/2000 226 

Tétouan 10.2 

10 

12 

09/2005 

09/2008 

06/2009 

38 

Tangier 1.6 06/2005 .4 

Essaouira 60 04/2007 200 

Tangier  140 04/2009 526.5 

Tarfaya 300 2011 750 

Laayoune 240 2012 - 
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Table 2 Moroccan Power Plants 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Foum El Oued 200 In construction - 

Sendouk 65 In construction - 
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Chapter 2: Blades 
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2.1 Why HAWT? 

Making a choice between the HAWT and the VAWT was not easy since they are both 

efficient and operate for the same goal. I had to compare and contrast between them both to be 

able to find the suitable one for this homemade small wind turbine blades project. After a long 

research, I have decided to choose the HAWT for its ability to generate more electricity based on 

a small amount of wind.  

 The project aims to help the Moroccan rural population. It has for a goal to help them have 

their own free and clean source of energy. This is why the HAWT will be the best choice to use in 

this case. It will harvest the maximum amount of wind possible and produce the maximum energy 

possible from it even if the amount of wind is very small. The people will be able to benefit from 

the wind, and make the best use of it to meet their daily needs. The figure below shows a 2D design 

of a HAWT blade. 

  

2.2 Blades  

 Before talking about the blades, I need to define them first. Blades of a wind turbine are 

aerofoils shaped. When the blades rotate through air they produce the aerodynamic force.  They 

are the parts that are responsible of generating the lift [17]. The lift is a component of the 

Figure 6 HAWT Blade 
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aerodynamic force that the fluid, in this case wind, exerts on the blades while they are rotating 

[18]. It is perpendicular to the approaching flow direction [18]. And it is different from the drag 

force that is the other component of the aerodynamic force that is parallel to the direction of the 

flow [18]. Generally, the lift moves from bottom to top in an upward direction, but sometimes it 

can go in different directions with respect the right angles of the flow [18]. In other words, it is the 

force used to make the rotor of the wind turbine rotate that is produced when the blades face the 

wind properly [20].        

In the wind turbine business, the blades play an important role when it comes to generating 

electricity. They are the major component that turn the rotor shaft. So the design of the blade 

matters a lot because it affects the efficiency of the wind turbine as a whole, thus affects the energy 

production. The blades efficiency depends on three factors: the weight, the length, and the strength. 

That is why it is crucial to have longer and lighter blades as of to meet the production need. 

2.2.1 Blades Components 

 The blades of a wind turbine are not a one unit part. They are composed of many parts joint 

together to create the aerofoil shape. Each of the parts has a different and important role in the 

wind turbine blade. There are x parts. 

Blade Tip:  it is the part that is located on the exterior of the blade. Almost all modern wind 

turbines have a pitch regulated blade tip, but there still are operating stall regulated wind turbines 

that have a tip that is pivoting. The blade tip is considered as the primary mechanism to slow down 

the wind turbine and could also be considered as an emergency break in case the blades rotate in 

over speed [20].    

Leading Edge: is the nowadays most part that gets the most attention of the wind turbine blades. 

The reason why it has all this attention is because it is the part that gets in contact with the wind 

first. Compared to another part of the wind turbine blade: the trailing edge, the leading edge is 

fatter and usually smoother without any defections [20]. 

Blade Root:  has for mission to connect the three blades together, and to pass on the wind and 

blades loads to the main shaft. In the past, the blade roots were in a squared shape, but today most 

of them have been round shaped [20].  

Airfoil: as mentioned above in the previous section 2.2, it is just the shape of the blade [20]. 
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Trailing Edge: it is located at the end of the blade. Regularly, the end of the blade as an edge that 

is like a knife, but it is not there anymore. In order to have a better structure in terms of strength 

and weight, the knife edge has been cut to become flat, and now it has the name of a flat back 

airfoil [20].  

 

 

Chord: it is the straight line that goes from the leading edge side of the wind turbine blade to the 

trailing edge of the other blade side. The chord line gives the length of the wind turbine, it is usually 

measured in meters.  The reason why this is mentioned is because it allows to refer to which part 

of the wind turbine blade we are talking about. The image below will be of a clear explanation 

[20]. 

Long Side: also called aero low pressure side, round side, or structural high pressure side, is the 

part of the wind turbine blade that is responsible of developing low pressure in which the blade at 

that point go through. Additionally, one should keep in mind that this is the high pressure part 

structured as the skin is compacted as the blade stacks up and ordinarily twists back toward the 

aero low pressure part, downwind side of the blade. Most regularly alluded to as the low pressure 

side [20].  

Short Side:  also referred to as Structurally Low Pressure Flat Side, Tension Side, Aero High 

Pressure Side, or Structurally Low Pressure, is the part of the wind turbine blade that stays at an 

atmospheric pressure that generally has a pressure higher than its opposite side of the wind turbine 

blade. This part for at most functions like a rope while the blade lean back. It is mostly the upwind 

part of the blade, and is more alluded to as the high pressure side of the wind turbine blade [20]. 

Figure 7 Chord Length Image 
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Lift: As I have already defined and explained in the previous section 2.2. The lift is a component 

of the aerodynamic force.  

Vortex Generators: sometimes referred to as zippers. They are mainly machines that are added to the 

aerolow pressure side of the blade to make the lift boosted. Also, they help prohibit the stall. The vortex 

generators push the air to swirl that contribute into keeping the air flow connected to the blade skin which 

result in reducing the drag force as well [20]. 

Drag: is the other component of the aerodynamic force. In the contrast of the lift, it is parallel to the 

direction of the wind flow. It is generated by the blade of the wind turbine when it is in contact with the 

wind. The drag force has some benefits sometimes to the wind turbine; for instance, when the wind is strong 

it allows the blade not to absorb more power. But the main disadvantage of the drag force is that in most 

times it costs energy as it deprives the ability of producing more energy. Also, the erosion of the leading 

edge of the wind turbine blade may sometimes create more drag force, and in worst cases effect negatively 

the performance of the blades. Moreover, if the vortex generators are installed in the wrong place they can 

boost the drag [20]. 

Trip Tape: it has been adopted to create a disturbance in the air flow. Even though, it has been admitted 

that the disturbance can cause the drag force, but it was panted there for a better purpose which is to prohibit 

the happening of a significant amount of an undesired drag and stall. Those undesired drag and stall will 

have a negative impact on the blade [20].  

Stall: when the aerolow pressure part of the wind turbine blade is disconnected from the air flowing over 

it, it causes the loss of the lift force. For example, if you are on a flight and you feel that the airplane is 

dropping from the sky that would be the stall effect [20]. 

Pitch Marks: are marks that are generally parallel or lined up with the chord of the wind turbine blade at 

the very tip of the airfoil. Usually, the pitch marks are situated at the root of the airfoil, they are found in 

two locations inside and outside to perfectly assist the mount of the blade and to adapt the pitch of the blade 

[20]. 

 

Root Cuff: sometimes referred to as shark fin in the USA Wind power group vocabulary. It is the 

changing point where the rounded shaped root turns to the current airfoil shape of the blade. In general, it 

is u the part of the blade that is wide with the part of the airfoil chord that is large. [20] 
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2.2.2. Blades Structure 

 When talking about the blades structures, we need to mention their cross-sections. The cross-

section of a wind turbine blade is very similar to the cross-section of airplanes wings. Similarly, the blades 

of a wind turbine have a side that is more curved than the other, this is more or less flat [24].  

2.2.3 Blades Structural Design  

 When I first thought of building small wind turbine blades, I had to think of the small wind 

turbines (SWT). They have been on the market for the past years, and are usually used in residential 

areas [25]. Unlike large wind turbines, SWT do not experience the same severe weather conditions 

because they are not exposed to strong winds, but it does not mean that they do not experience 

some. The SWT blades face some weather conditions such as snow, high speed wind, and rain 

when they are operating in a mountain region like in Ifrane. This is why the blades structure must 

be strong enough to withstand those weather conditions, and to guarantee the functioning of the 

wind turbine no matter what.  In other words, the wind turbine blades should be considered as 

cantilevers who rotate over the axis of the rotor of the main shaft. Furthermore, the mechanical 

properties of the cantilevers, more precisely, the stiffness of the material is the main factor that 

stops a collision between the blades and the tower of the wind turbine to take place. The blades of 

the wind turbine may bend sometimes, thus they will get closer to the tower while in rotation, and 

may hit it. If they are stiff enough the collision will not happen at all.  

 As to meet the aerodynamic conditions, the blade of the wind turbine must have the shape 

of airfoil. Yet, the airfoil structure of the blade has a limited capacity to bear loads such as the 

shear load since it has a hole.  When facing other kinds of load, such as compressive load, there 

may be some buckling on the skin of the blade. In that case, the buckling will stay at the elastic 

region and will either end up creating a lasting plastic deformation or will lead to fatigue. This is 

why it should be considered while designing the wind turbine blades at the first time [26]. 

 

2.4: Materials 

 The material composition of an industrial wind turbine blades is quite different from the 

material that is going to be used to build homemade wind turbine blades. The industrial big blades 

are made of a composite material [14]. A composite material is a material that is composed of two 

or more materials that are physically and chemically different from each other [13]. Once 
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combined, they produce a different material with different properties from the initial materials 

[13]. During the last decades, many researches have been conducted to enable the blades 

manufacturing to migrate into diminishing the amount of fabrication time, cost, and flaws [16].  

 The characteristics of composite materials that make a wind turbine blades that were made 

of fiber structures or biaxial fabrics have a resin dominance [16]. Using a high performance fiber 

does not mean that there will be a meaningful boost in their mechanical properties [16].  

2.4.1: Fiber Material  

Fiber-reinforced plastic, or FRP in brief, is a merged material composed of fibers and a set 

of polymers. It is recognized to have more noteworthy particular solidness contrasted with 

different materials. Thus, recent SWT cutting edges are produced using the FRP. Notwithstanding 

glass the FRP, carbon filaments are additionally regularly applied for rotor cutting edge 

fabricating. Carbon strands' quality is roughly twice glass filaments' quality, in other words, carbon 

fibers can stand twice the force applied on a glass fiber, and their firmness is around three times 

glass' solidness. Additional solidness of carbon filaments permits encompassing gum to better 

support weakness by lessening strain in the gum. In another way, considering the fact that the cost 

of carbon filaments is expensive, they are just utilized where their characteristics are in fact crucial 

for the blade’s execution. In reality, carbon is applied just on substantial scale wind turbine, and 

still just on fight tops due to its high price [22]. Keeping in mind the end goal to make wind turbine 

cutting edges, distinctive sorts of fiber materials might be ejected as a part of the combination, 

reaching out from glass to carbon. The component of the glass that are applied for auxiliary 

fortifications are E-glass, T or S-glass. However, by a wide margin the E-glass is the most well-

known type of fiber applied as a part of fortified plastic fusions. In reality, over 90% of 

fortifications utilized as a part of a few businesses are produced using E-glass [22]. In E-glass the 

letter E refers to electrical, on the grounds that it is famous for its electrical characteristics [23]. 

Moreover, it is described by great ductile and firmness other than a moderately minimal effort. In 

light of the normal utilization of E-glass filaments in SWT sharp edges' assembling industry added 

to every one of the reasons said above, E-glass strands support was held for edge producing in this 

capstone’s project. 
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2.5: Current Challenges 

 As any other technology wind turbines have also challenges. Challenges in the wind power 

technology are within the rotor of the blades.  The efficiency of the wind turbine depends on the 

rotor. If the rotor is not working, the wind turbine will not generate any electricity. That is why it 

is very important to make sure that it is working fine.  

 Moreover, there are other problems related to the design and the manufacturing. The design 

challenges are the mass, blade stability, and materials. The design of large wind turbine blades 

leads to  several challenges like in the aerodynamics, blade stiffness,  blade mass, blade stability, 

and of course the logistics. It is very important to keep the mass of the blade at an acceptable level.  

 Besides functioning problems, the wind turbine business has other problems relate to the 

transportation of the pieces of the wind turbine as a whole. The blades are very long and heavy.  
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Chapter 3: Design of the Wind 

Turbine Blades 
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3.1: Design of the blades 

I designed the blades of the wind turbines using SolidWorks software. It is important that 

the blade has a curvature because it needs to generate the lift [7]. The side of the blade with the 

larger curvature generates low air pressure while the other side of the blade is pushed by high air 

pressure [7]. It is imperative for the rotor to be designed in such a way in order to generate the 

right amount of lift force and thrust to be able to produce an optimum air deceleration; thus, have 

a more efficient blade [7]. 

The following figures Fig.8-9 show the design of the wind turbine blades that I have made. 

While designing the blades, I respected what is mentioned above. I have tried to make the 

curvatures where necessary to obtain an efficient blade. However, the 3D design that I made using 

the software does not go hand in hand with the real design of the blades since it was not very easy 

to obtain a similar design at a 100% rate. I managed to have it 80% close to the virtual design.  

 

Figure 8 Upper view of the design of Blade using Solid Works 
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Figure 9 Frontal view of the design of the blade 

3.1.1: Why design with Solid works software? 

 I chose to work with solid works because it is a software that I am familiar with. I learnt to 

design with it when I took Computer Aided Engineering class. I first was thinking of designing 

with AutoCAD software, but this software does not provide a good 3D resolution to the design. 

AutoCAD software is well developed software than SolidWorks, and it has more features that 

allow to choose the materials with a better 2D image resolution. I would have had to use another 

software called Revit that is belongs to the same family of AutoCAD which is AutoDesk. I would 

have had to convert it, then make many changes to it to make it a 3D model that has a better 

resolution.  

 Working with solidworks have saved me a tremendous amount of time compared to 

AutoCAD, and it allowed me to make a good 3D design as well.  
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3.2. Design of the Rotor 

 

Figure 10 Rotor and blades 

3.2: Materials to be used 

 The material to be used is to be chosen with a careful care. The material is very important 

when it comes to the efficiency of the blade and of course it affects the energy production. Since I 

am building a prototype wind turbine blades to operate in morocco, I had to think about the material 

to be used and look for it on the market. During my research on the materials, I have looked in 

many hardware stores in the cities of Ifrane and Meknes to know about the prices and the 

availability of the material on the market. I had to choose between plywood, PVC, and aluminium.  
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In order to choose the material, I had to study the behaviour of all the materials. I needed to think 

about the flexibility of the material when it is in contact with wind, rain, and snow. The wind 

turbine is supposed to withstand severe weather conditions whether onshore or offshore. In this 

case, the wind turbine will be only onshore, but still it has to withstand the current climate changes. 

When I thought about the wood, I noticed that it will get wet during the rainy period of the year.  

The blades will absorb the rain, thus they will gain weight. Furthermore, the blades will become 

heavy, and would not be able to perform well, so their efficiency will be low. Which means the 

energy production will not be enough. As a solution, I thought of applying a hydrophobic coat on 

the plywood that I have previously homemade in the Materials Science class. I have tested it on 

two types of materials: ceramic and glass, and it worked very fine.  Moreover, the hydrophobic 

coating was not going to affect the weight of the blades. It was going to fix the wetting of the 

material problem.  But in this case, making or buying a hydrophobic coating means more money, 

and I was not sure that the people who were going to build this were going to adopt the hydrophobic 

idea. This is why I had to reject this idea and move to the next choice. 

 Now, coming to aluminium. Aluminium is a stronger material compared to plywood and 

PVC as it has many advantages [15]. It is slightly lighter than PVC, it is not affected by the UVs, 

it cannot be affected by rain, and it has a long life span compared to both PVC and Plywood [15]. 

The only problem in this case is the price. The blade cannot be made of one layer because it will 

be very thin, thus it will not be strong enough to withstand the wind, so we will have to double the 

layers in order to obtain a qualified blade for the job [15]. Since the aluminium blade will be made 

of two connected layers the price will be high. Aluminium blades would be the perfect ones for 

this project, but in Morocco aluminium is pricy compared to PVC and Plywood, and I need to take 

into consideration the cost. Which will lead me to PVC. PVC pipes are available at every hardware 

store of the country, the cost is affordable, and it has advantages as well. The first advantage is 

that it is in the shape of a pipe which means it will be very easy to obtain curved blades. The 

curvature here is very important to harvest the wind. The PVC is a plastic material, so it does not 

absorb water, which means its weight will not get heavier when confronted to rain or snow. Also, 

in case of a damaged wind turbine during a storm, the blades can be easily and quickly replaced 

[11]. Therefore, the best choice for a homemade wind turbine at a minimum cost would be the 

PVC pipe.  
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3.3 Cost 

 The following table shows the prices of all the materials I considered to build the wind 

turbine blades with.  

Table 3 Prices of materials 

Materials Plywood Aluminium PVC 

Price (MAD) 110 200 16 

 

In this case, the PVC pipe is the cheapest material to be used. 

 

 

 

 

 

 

 

 

 

Figure 11 PVC Pipe 
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Chapter 4: Fabrication 
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4.1: Fabrication of the Blades 

 The fabrication of the wind turbine blades is not very difficult.  However, the blades nor 

the wind turbine can be bought from an industrial manufacturer. There is no industry that makes 

small wind turbines in Morocco. The blades are to be built at home, and do not require any heavy 

machinery.   

 For this capstone project, I worked with a PVC pipe. I chose the PVC because of its 

flexibility and its shape. It is going to grant me the curvature of the blades without having to cut 

and attach other parts to it. After being done with the 3D design, I took an A1 type of paper and 

draw the shape of the blade using a ruler and a marker pen. I could not do the cutting by myself as 

I do not have the ability to handle a cutting machine, so I sought the help of an external professional 

black-smith.  I gave him the dimensions, and explained everything in details, so that he can exactly 

know what to do.  

4.2: Dimensions of the blades  
We are going to get 3 blades from one PVC pipe as long as the dimensions are respected. The 

following table shows the dimensions of the blades used to build this project [27].  

Table 4 Dimensions of the blades 

Blades Length  Width  Edge  

Dimensions (cm) 60 8 4 
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After obtaining 3 blades with the dimensions mentioned above, we moved to the next step which 

was connecting them together.  For this, we had to make holes in the edge of the blades to be able 

to fix them on a propeller hub. Then, the blades will need to be connected to a washer. The below 

figure show the blade that I made with the help of the professional welder. 

 

 

 

 

 

 

 

 

Figure 12 Homemade PVC blades 
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The picture below shows the final product on the day of the capstone presentation. The homemade wind 

turbine assembled.  

.  

Figure 13 My wind turbine & I 
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4.3: Final Cost  
 

Table 5 Final Cost 

Material PVC PIPE 

Price of the blades  16 DHs/m  

Total Price of The Wind Turbine  500 Dhs 
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Chapter 5: Equations & 

Mathematical Calculations 
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5.1: Swept Area 
 Prior to the installation of the blades, one needs to calculate the sweap area to know whether or 

not there is enough space for the blades to rotate.  

 

Figure 14 Sweap Area 

In order to do that, the following equation needs to be calculated:  

Equation 1 Sweap Area 

𝐴 = 𝜋𝑟2 

 length of the blade, r 

In the case of this project:  

𝐴 = 𝜋𝑟2 

       𝐴 = 𝜋 ∗. 602 

𝐴 =1.1304 𝑚2 
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5.2: Equations 
The equation below is used to calculate the power that the PVC blades will be able to generate. 

Equation 2 Power equation 

P=
1

2
ρ𝐴𝑣3 𝐶𝑝   

• Area, A  

•  Air Density  ρ =1.23 kg/𝑚3  

• Wind Speed, v 

• Power Coefficient, Cp  

The wind speed and the power coefficient are just an estimation to find the power production of the 

homemade bladess 

• 𝑣3 = 53  

• Cp= .25 

• ρ= 1.25 

• P=
1

2
 ∗ 1.25 ∗ .25 ∗1.1304*125 = 22.07 W 
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Conclusion 
 

 

 

 The building of the blades of the homemade wind turbine depends on the flexibility of the 

mechanical properties of the materials to be considered. It is very crucial to choose the materials 

with a lot of care. In this case, the PVC material is the low cost material that suits the best. The 

design was made using solid works software to have precise dimensions and to know where to put 

the curvatures. Though, it was not easy to have a 100% similar design when it came to cutting the 

PVC pipe to make the blades. Maybe if the blades were 3D printed it would have been more 

precise, but then here there is the problem of the cost. The cost will be higher, and the 3D printers 

are not available everywhere. The purpose of the project is to make a small wind turbine blades 

easy to make for everyone. The material should be accessible and available at every hardware 

store. 
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Future work 
 

 

The project was to build a homemade small wind turbine with available tools and materials 

from the market. It is very feasible and does not cost a lot of money. The people who built it will 

be able to have their own free source of energy from the available wind.  Tough this small turbine 

does not have big dimensions. For future work, the material should be developed to make a bigger 

and stronger homemade small wind turbine that would operate in residential areas. Also, work on 

adding a powerful generator, and develop a battery to store energy.  
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