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List of Nomenclature: 
WTP             = Wind Turbine Plant. 

BTU             = British thermal units. 

P                  = Power [W].  

Pa                 = Actual power [W]. 

ρ                  = Density of air [kg/m
3
]. 

A                 = Area the wind is passing through the swing area of WTP [m
2
]. 

V                  = Wind velocity [m/s]. 

𝛈                  = Efficiency of the WTP. 

Co              = Coriolis Force. 

Ω                = The deviation of the angular velocity of the Earth. 

V                = Horizontal wind speed [m/s]. 

Ф                = Latitude degrees. 

CMax                = Maximum blade chord (% R). 

Rn                     =  Net solar radiation arriving at the Earth's surface. 

Q               = Total energy content in the atmosphere. 

Lq                      = Latent thermal energy used in evaporation. 

L               = Latent thermal energy to vaporize grams of water. 

Q              = The mass of water vapor evaporated. 

Cp* T       = The thermal energy of air at constant pressure. 

T             = Air temperature [K]. 

m*g*Z     = Potential energy. 
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m                   = Air mass. 

Z                   = Height from the ground level. 

𝐦∗𝐕𝟐

𝟐
             = Kinetic energy during metamorphic movement of air at different scales. 

Q Turbine(bep)  = Best Efficiency Flow Rate as a Turbine in gpm. 

Q Pump(bep)     = Best Efficiency Flow Rate as a Pump in gpm. 

H Turbine(bep)  = Best Efficiency Head as a Turbine in feet. 

H Pump(bep)   = Best Efficiency Head as a Pump in feet. 

𝛏                   = Efficiency. 

𝛏 Turbine(bep)  = Best Efficiency Head as a Turbine. 

𝛏 Pump(bep)    = Best Efficiency Head as a Pump. 

ρa                           = Air density [kg/m
3
] 

t                 = Air temperature [°C] 

Pa                         = Air pressure [mBar] 

h                = Height over the sea [m] 

Vhub                  = Wind velocity at hub height [m/s] 

V0                        = Wind velocity at reference height [m/s] 

h                = Height over the sea [m] 

hhub                   = Hub height [m] 

h0                        = Reference height [m] 

β               = Experimental height coefficient. 

a               = Annuity, yearly instalment of a loan. 

Ci                       = Cost of investment. 

r               = Interest rate [%] 

n              = Years of offwriting  
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Abstract 
Applying the new ideas developed by the present study on the current design of WTP can lead to 

satisfactory results and give flexibility in terms of producing more electrical power during 

periods of low/medium wind velocity. The innovative ideas and methods included in the present 

work reveal the features of the future renewable energy designs that could, in the few coming 

years, revolutionize the field of wind turbine designs worldwide. Also, increase the capacity 

factor significantly, since the application of these ideas in areas where wind class II and III blows 

have proven to be very effective. Especially, when compares the result of new ideas with the 

current wind turbine designs. 

Testing the innovative ideas regarding the future wind turbines on a current WTP achieved a 

good results in increasing electric energy production over the year. For example applies the new 

ideas on a WTP model Enercon (E-101) will achieve an annual increase around 20% of electric 

power generation (wind class II, Cp = 36), i.e. when wind speed is ranging from 0-10 m/s (Level 

C – option 02) the production improved at the highest value, reaching up to +46%. Also, in 

Level B the generation of electricity witnessed an increase up to 10% when the wind velocity 

being always between level C with a minimum of 10 meters per second and Level A (Level A is 

the maximum output value, which is changing from one turbine type to the other).  

Nonetheless, it should be noted that an increase of 25% of the swept area can lead to an increase 

of excessive noise of around 4% that can be still sensed within 500 meters around the wind 

turbine tower.  

Generally, it is not considered possible to practically apply these ideas because of environmental 

or economic reason in the following areas:  

1- Offshore WTP (risks of environmental harm and conservation of marine life from any 

leaking of the hydraulic oil). 

2- Onshore with wind class I areas (absence of economic feasibility). 

3- Nature reserves and bird migration areas (environmental and wildlife conservation). 
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4- Residential areas (because of an increase of noise up to 4% within 500 meters around the 

wind turbine tower). 

In addition to that, using the new material as Carbone Nanotubes (CNT) with a high air pressure 

technique in manufacturing the WTP blades is not economically viable as a result of the current 

price. Knowing that we can surely apply these ideas in the future once the prices decline 

proportionally, or if other similar materials with higher quality and lower cost appear. It should 

also be mentioned that the new methods can be applied to re-design the current blades with the 

hybrid same materials used in the present manufacturing of WTP blades on the condition that 

they can provide the required efficiency and functionality. 

Regarding weather forecasting, consulting and connect with more than one weather forecast 

information provider in the short-term (ranging from a few hours up to one day) during the 

operating time helps to reduce the errors in predictions and gives significantly better results. 

Objectives of The Study   
The weak point of  Renewable energy generation from the wind is during the periods of low 

wind speed. Which is a major challenge for the industries that depends heavily on WTP as a 

principal source of harnessing renewable energy production from wind. Therefore, this study 

aims mainly at providing the necessary and appropriate solutions for increasing production at the 

economic level and providing the necessary flexibility to the system at times when wind speed is 

lower than needs. In addition to that, it allows making use of the advantages of the current design 

while exploiting modern technological possibilities available through monitoring, manufacturing 

and control systems. In the end, the general aim is to attempt to take a step forward in achieving 

a secured future on this planet by avoiding the huge environmental risks that beset us taking into 

account the economic, engineering and environmental considerations and standards. 
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Introduction 

The Future of Energy Consumption: 

Day by day, the consumption of energy is considerably increasing. From 2010 to 2040, energy 

consumption will rise by 56% and is expected to increase from 524 quadrillion BTU to 820 

quadrillion BTU in 2040. Renewable energy, along with nuclear power, will be the fastest 

growing energy resource with an increase of 2.5% per year (EIA, 2013). Bringing growth in 

renewable energy in the future will require improving it and make it more efficient. The present 

paper investigates on ways to improve the design of wind turbine plants as one of the main 

renewable energies both today and in the future.  

 

 

Figure 1.  (EIA, 2013)  

When we look at electricity use and its domestic consumption around the world, we find that the 

total consumption accounts for more than 20,000 TWh. The highest consumption is observed in 

Asia, North America and Europe (Enerdata, 2014). With the possibility of a potential future 

economic growth in both Africa and the Middle East, electric power consumption is expected to 

grow greatly. The population density, geographical location, and the natural resource 
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endowment, which characterizes the region will probably make of it at home to the highest 

electricity consumers around the world and might be a key factor for future economic growth if 

peace and justice are maintained in the region. 

Today, electricity is the basis for almost all fields of life. If electricity power cut off for any 

reason and in any place in the world, this will impact most of the human activities, health, and 

life negatively.  

 

Figure 2.  (Enerdata, 2014)  

Should Renewable Energy Resources be the Future of Energy? 
The wind is undoubtedly a free, clean and sustainable resource which is not subject to price 

increases. Nevertheless, finding a friendly environment, clean and free/cheap energy is not the 

only main cause behind improving the field of the renewable energy, under the actual situation, 

developing this field has become a matter of obligation and not merely a choice.   The future of 

humanity is facing enormous environmental challenges which require from us, to ensure rapid 

solutions and generate a clean and cheap energy toward meeting any need anywhere. Therefore, 
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the power source should be continuously available, without any interruption, and adequately 

fitting the geographical specificities and seasonal weather changes. 

Studying the field of renewable energy is not an easy choice. Especially, when having in mind 

the amount of responsibility which lies on the world’s engineers and scientists shoulders in 

finding permanent and practical solutions to produce a clean energy as soon as possible in the 

context of global warming which represents a major threat to us all on this planet. Especially if 

the temperature increases two degrees Celsius higher more than average temperature level. 

What is the Evaluation of Global Wind Power? 
Researchers at the University of Stanford carry on an evaluative study of the wind speed around 

the world at a height level of 80 meters above sea level. The findings of these studies show that 

about 13% of the land area are windy, where the wind velocity is higher than 6.9 meters per 

second, whereas this speed is the minimum appropriate limit acceptable economically to 

generate the electric power. However, if the world exploits 20% of that total windy area (13%) to 

generate electricity from the wind, the world will get seven times more power than its 

consumption needs of the world's electricity (Jacobson, 2005). 

Why Does the Current Design Need to be Improved? 
The current wind turbine designs are good, but they are mostly not adapted to climate variation 

and wind speed that changes various times during the day and throughout the seasons of the 

years.  Because of the hub height, swept area and generators capacity are fixed and cannot be 

modified according to the weather data outside. This makes the increase and decrease in energy 

production directly related to weather data in that hub level and swept area already implemented 

there. This makes the system wait for the kinetic energy of the wind at that height level, with 

hopes that the production reaches the nominal level and as long as the maximum period. 

However, at the same time, an exceed in wind speed of 24 m/s will automatically switch off the 

system and stop the blade rotor through the brake system in order to preserve the integrity of the 

wind turbine plant WTP parts. 
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About 2% of the total energy the Earth receives from the sun is converted into kinetic energy in 

the atmosphere (The National Academies Press, 2007). While the reason for making wind blow 

from one area to another is the imbalance between net outgoing radiation at high latitudes and 

other net incoming radiation at low latitudes. The kinetic energy of the moving air that passes the 

hub of any WTP can be calculated using the following formula related to the theoretically 

available power in that air movement (wind): 

𝐏 =
𝟏

𝟐
∗ 𝛒 ∗ 𝐀 ∗ 𝐕𝟑 

It is also important to know that actual power (Pa) which any WTP can capture from the wind, is 

a maximum of 59 % (the Betz limit). Even if we did not reach this number yet, the current WTP 

could potentially achieve an efficiency ( 𝛈 ) of around 50%; an efficiency value that is getting 

more closer to the Betz limit. Then the actual power always calculated by this formula ) (The 

National Academies Press, 2007): 

𝐏𝐚 =
𝟏

𝟐
∗ 𝛈 ∗ 𝛒 ∗ 𝐀 ∗ 𝐕𝟑 

According to the formula above, wind speed can be considered as the first factor in which the 

power is proportional to the cube of wind speed. In other words, if the wind speed becomes twice 

as the value of the power will increase eight times. The second factor is the swept area 

proportional to the square of the length of the blade. This factor explains why year after year, the 

swept area is increasing to get more power to produce the electricity. The third and last element 

of the formula is the air density, which also correlates with the wind energy:  whenever the air is 

getting colder, the density increases and vice versa. 

What are the New Ideas to Improve the Designs of WTP? 
As mentioned earlier, the WTP should be more flexible in the future to easily adapt to external 

data and weather variables at any time of the year. However, the new ideas should be readily 

applied to the existing of a strong technological base such as software and hardware, but they are 
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needed to implement a bigger system with the minimum of errors, cost, and risk. Besides the 

new ideas will allow us to improve the design of the WTP and have more production with more 

stability if the following steps are taken into consideration: 

1- Redesigning the blades of WTP to increase/decrease the swept area by 

increasing/decreasing the length of the blades. The designer is increasing the rotor 

diameter, in parallel, the rated power capacity also increases. However, there are many 

factors which make the increasing length a significant challenge for designers, where the 

force of the torsion is the biggest problem when increasing the length of the blades 

(Jamieson, 2011). 

2- Providing a lift system which allows increasing/reducing the height if the hub level also 

reaches the wind speed to maximize the production of the turbine. 

3- Suggesting a new material such as carbon nanotube can help to carry all that 

pressure/weight while increasing the swept area. Using this material is a promising 

technique that can be valid for many future applications. For example, it could be used in 

the building of a space elevator as a space transportation system. This design could 

permit vehicles to travel along the cable from the Earth, directly into space/orbit 

(Elishakoff, March 2013).  

Environmental Challenges: 

The environmental challenges facing humankind and our planet make it necessary for us to 

produce more renewable energy resources so as to preserve the environment and other animals, 

birds and all other creatures sharing the same planet with us. Which should be placed as one of 

our highest priorities, especially while designing or updating WTP, which is the topic of the 

present study. Using a larger turbine can, for instance, raises the noise level in the surrounding 

region while increasing the swept area or raising the hub level of the WTP might, unfortunately, 

has negative implications like harming the migratory birds or other birds living nearby or in the 

same area. Therefore, in order study, the environmental impact, all the aspects of ecological life 

and every probability should be foreseen and taken into consideration. The present work will 
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cover the advantages/disadvantages of producing renewable energy resources in the environment 

and discuss the importance of developing solutions and strategies for damage reduction.  

Finally, Leonardo DiCaprio said “As a UN Messenger of Peace, I have been traveling all over 

the world for the last two years documenting how this crisis is changing the natural balance of 

our planet. I have seen cities like Beijing choked by industrial pollution. Ancient Boreal forests 

in Canada that have been clear cut and rainforests in Indonesia that have been incinerated. In 

India, All that I have seen and learned on this journey has terrified me.” in a speech at the UN of 

A Landmark Day for the Earth (DiCaprio, 2016). 

 Also, the Prime Minister of Sweden, Stefan Löfven, has announced that Sweden will work 

towards becoming "one of the first fossil fuel-free welfare states in the world," in a speech to the 

UN General Assembly (Independent, 2015). This will undoubtedly support researchers and 

investors in making more efforts to reach this projected goal soon. 

 

Background 

Wind: 
Studying wind dynamics is a striking matter given the fact that looking at this phenomenon 

suggests both simplicity and complexity. This indicates that wind is a natural phenomenon that 

can seem as extremely simple, but going along its scientific study reveals different dimensions of 

complexity. This complexity originates from the fact that wind relates to other important 

phenomena such as sunlight. Therefore, it is important to highlight the importance of sunlight 

and talk about its relation to the wind. First, it is important to mention the astonishing fact that 

that today’s and future’s life prospects depend entirely on the sun and sunlight. On the one hand, 

sunlight can be defined as an electromagnetic radiation that can produce a visual sensation. 

Moreover, sunlight runs across vast distances; it takes about eight minutes to reach the earth. On 

the other hand, sunlight is one of the sources offering more options for generating renewable 

energy, whether directly or indirectly. One of the indirect forms of sunlight energy is wind, 
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formed as a result of temperature differences between latitude degrees on earth. As shown in 

Figure 1, air travels horizontally between the surface of the Earth and the four layers of the 

atmosphere: Thermosphere, Mesosphere, Stratosphere, and Troposphere. 

 
Figure 3.  Atmospheric Layers of The Earth (NASA, 2010)  

It refer to wind when the air goes from a state of quietness to movement. This movement can be 

manifested in different ways. Depending on wind velocity, wind can have a very slow speed, 

which can generally be explained by light winds, as it can also have a highly fast speed that can 

be destructive, dangerous, and even deadly. Air movements in the atmosphere can be either 

horizontal or vertical. Air moves in curved/round forms are caused by Earth's rotation and has 

different forms.  
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Classification of Wind Forms into Several Types:  

 Air action can be classified into several types and names depending on air’s speed and form, as 

follows:  

a- Micro Scale Circulations 

We can talk about Micro Scale Circulations when the wind takes the form of whirlwinds, 

with a several meter diameter, in a short time no longer than a few minutes. 

b- Mesoscale Circulations (Tertiary Circulations) 

Mesoscale Circulations refer to wind occurring in a form of whirlwinds with a diameter 

ranging from several kilometers to a hundred kilometers within a time period extending from 

hours or several days. 

c- Synoptic Scale Circulations 

Forming vast stretches around the centers of the high and low air pressure areas, Synoptic 

Scale Circulations can vary from having a diameter of several hundred kilometers to 

thousands of kilometers. 

On the other hand, types of wind speed can be divided and classified in a certain order called 

“the Beaufort Scale.” 

Beaufort Scale: 

Table 1. (K.A.C. ،1999) 

Wind 

Degree 

Indicator  

 

Wind type 

 

Velocity 

Km/HR. 

 

Objects Responses to Wind  

0 Calm Less than 1 The smoke rises to the top 

1 Light air 1-5 The smoke moves horizontally 

2 Light breeze 6-11 Moving the leaves of trees and wind vane 

3 Gentle breeze 12-19 Moving banners, flags 

4 Moderate breeze 20-28 Raises dust and flying through the leaves 

of trees 

5 Fresh breeze 29-38 Moving branches of large trees  

  

6 Strong breeze 39-49 Moving branches of large trees and  sea 
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waves 

 

7 Moderate gale 50-61 It is hard to move in the direction opposite 

of the wind 

8 Fresh gale 62-74 Breaks some tree branches 

9 Strong gale 75-88 Broken banners, flags and fall of chimneys 

10 Whole gale 89-102 Uprooted trees  

11 Storm 103-117 Roofs ripped off 

12 Hurricane More than 

117 

Widespread destruction and aircraft could 

fall and ships could sink 

 

 

Figure 4.   (MetEd, 2014)  
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Wind movements are characterized by complexity and ambiguity, and their forms overlap in 

many respects. Therefore, the process of observing and preparing statistics related to high- 

pressure wind motions on Earth requires long and ongoing interpretation processes. 

Key Factors Controlling Wind Direction 

Several factors control the intensity and direction of the wind; this section will deal with the most 

important ones: 

a- Solar Thermal Radiation: 

Sun is the main source of wind; the origin of the act of blowing and the key driver of its 

movements. Thus, wind energy is simply a transformed form of solar energy. Let us bear in mind 

that Earth and the atmosphere constitute an integrated system and that water and land, which are 

the main components of the Earth, absorb sun rays in different ways, leading to the existence of 

areas of high and low air pressure which degree of difference creates various forms of wind. It is 

here where the importance of latitude is more highlighted as it helps to determine the amount of 

solar energy received. The integrated system which Earth and the atmosphere form distributes 

the surplus of thermal energy in different latitudes from Zero degree up to 90 degrees (Figure 5). 

Solar radiation varies greatly:  when the Altitude Angle of Sun is vertically on the equator line, it 

receives the highest amount of solar radiation, but begins decreasing gradually by going 

northward and southward. When short wave energy solar radiation is received at the Earth's 

surface, it is then reflects though long wavelengths’ (infrared) radiation and thermal energy in 

the outer space. The amount of energy varies according to the value of the angle between 

latitudes. So the lower latitude degrees receive a more radiant energy from the Sun more than 

they reflect, whereas it is the other way round in the case of high-altitude degrees as they reflect 

more energy than they gain from the Sun. Despite what has mentioned above, lower-latitude 

degrees do not become hotter than they are, and high-latitude degrees do not get cooler either, 

because wind motions balance and transfer an enormous amount of thermal energy surplus 

(Sources) in the lower latitude degrees toward the high-latitude degrees (Sinks). 
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Figure 5. 

Wind transfers about 70 percent of excess thermal energy between lower and higher latitude 

degrees. In other words, Heat thermal energy is transferred through the different latitudes of the 

earth on a daily basis from the center of the earth the most absorbing to heat to the poles through 

wind Likewise. Water surface and oceans contribute to the heat transfer from regions of high 

temperature (the equator) and latitudes to regions of low temperature (the northern and southern 

poles) by a value varying from 25 to 30%. Heat energy is transferred between different latitudes, 

according to an active transmission system, and this requires an energy transfer of at least 4 * 

10
15

 Joules per day (K.A.C. ،1999). 
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Energy always takes different forms in the atmosphere: it continually transforms from one 

format to another while traveling throughout atmospheric cycle units according to the following 

equation: 

𝑹𝒏 = 𝑸 = 𝑳𝒒 + 𝑪𝒑 ∗ 𝑻 + 𝒎 ∗ 𝒈 ∗ 𝒛 +
𝒎 ∗ 𝑽𝟐

𝟐
 

b- Earth Rotation: 

Earth’s rotation around its own axis produces two different forces which partly influence wind: 

the first force impacts the direction of wind, while the second impacts the rate of wind velocity, 

this is called Coriolis “Acceleration” Force. 

c- Coriolis “Acceleration” Force: 

On the northern half of the earth, this factor is made Curvature the wind towards the right line 

direction and towards the left side in the southern half. This force is vertical on the wind 

direction, so it does not affect the wind velocity. So this force is responsible for the wind flow on 

Earth, especially in the higher level of the atmosphere. Which this force can be expressed by the 

relationship below: 

𝑪𝑶 = 𝟐 ∗ Ω ∗ 𝐕 ∗ 𝐬𝐢𝐧 ф 

The values of Coriolis constant (𝐶𝑂) are between zero at the Equator (ф =0) or +1.458*10
-4

  at 

the North-Pole and -1.458*10
-4

  on the south pole of the Earth (K.A.C. ،1999). 

d- Angular Momentum: 

The fact that the Earth is spherical results in a decreasing of the circumference of circles with a 

move away from the Equator North or South. Therefore, causes the speed of the earth's surface 

and the atmosphere and can create a difference in the speed VZ between the two, taking into 

consideration the latitude degree as described in the following equation: 

𝑽𝒁 = Ω ∗ 𝐫 ∗ 𝐜𝐨𝐬 ф 
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e- Friction Force 

The friction force is working in the opposite direction of angular momentum. It is caused by 

friction against the angular momentum and produced from wind friction on the earth's surface. 

On the other hand, it is created from the air viscosity, where the friction force creates inner the 

air molecules. 

The friction helps to curb the airflow within less than one week if the angular momentum does 

not compensate. This force is very crucial to curbing, reduce and control wind power and 

velocity. Without this force, wind can remain for an extended period of time with a very high 

velocity, which can be so destructive and dangerous. 

Wind Forecast: 

Weather forecasting plays a vital role in many different scientific and commercial fields such as 

aerial and maritime navigation, agriculture and, most importantly, renewable energy production. 

Forecasting particularly relates to the subject matter and objectives of the present study since it 

constitutes a significant energy operation and production factor. Realization of the ideas included 

in this study could not possibly be without today’s the highly-sophisticated and the particularly 

short term effective e weather forecast techniques. 

Weather forecasts are a modern science which will consist of predicting weather changes in the 

future depending on various factors and with the help of technology provided by many resources 

such as the satellite picture, latest advanced sciences in this field and weather international data 

networks. Weather forecasting is a complex process which needs to be constantly improved due 

to errors based on the length of the predictability in the future (Bockris, 2009).  

The Forecasting Challenge 

Wind is typically made of small pressure gradients affecting/operating over vast distances. That 

is why it is so hard to forecast accurately without errors, even while using the latest scientific 

technologies. Another factor hindering the process of forecasting is the existence of turbulent and 

chaotic processes in the weather. Local topography maps can influence weather forecasting, for 

instance,  those related to sea’s the highest level, mountains, and open- lands, although they 



 

 
21 

 
 

 

sometimes do not succeed to capture in standard weather models. The plant power curves are 

highly non‐linear, that is why any tiny error can have a great consequence in regards to power 

output results. In this respect, to stress the importance of precision. The Chaos Theory, also 

named the ‘Butterfly Effect’ can be a good example of the complexity and importance of the 

exactitude of the weather forecast and the domino effect it can have on different fields (Bockris, 

2009). 

Forecasting Systems 

Generally, in order to provide nearly correct forecast information, the following five steps should 

be taken into consideration:   

a- Weather Observations: 

Weather observations are the first step of forecasting. In setting the initial conditions; they prove 

to be very effective in the process of collecting data from many locations, yet, there have been 

never enough data collected, mainly because of the huge area to be observed and the rapid 

weather fluctuations. 

b- Numerical Weather Prediction (NWP)  

NWP is models forecast the evolution of weather systems and generally familiar with a 

daily/active report comes from NWP. This numerical form focuses on collecting the current 

observations of weather around the world and processes all data collected via computerized 

program models in order to forecast future weather conditions. Knowledge of the weather’s 

current situation is imperative to process data in a numerical computer model. Therefore, timely 

weather observations from an input and assist statistical systems in charge of collection in 

producing outputs of current weather information such as those related to temperature, 

precipitation, and other different meteorological elements . 

c- Statistical Models: 

Statistical models convert wind data collected through NWP models forecast to power output 

and corrects systematic biases and error patterns. 
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d- Actual Plant Production Data (Feedback): 

To reach the optimal level of the forecast with lowest error percentage, the current plant 

production data provide feedback to improve statistical models and make the adjustments and 

corrections required. This step is very critical because it is very important to provide feedback 

and update/correct any errors that may occur. 

e- Wind Plant Production Forecast: 

This step represents the final outcome of all the four previous weather forecasting steps 

mentioned above, and it is constantly changed/updated/corrected. Forecast providers generally 

use these procedures, which is useful for many people working in different fields. 

 

Figure 6. (K.A.C. ،1999)  
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The present study aims at connecting the field of wind plant production with the weather 

forecast. The weather forecast range needs a short period (within hours) because with this range 

the percentage of the errors will be less, on the other hand, this short time is enough to make the 

appropriate adjustments to the system. So this study will focus on the hour-ahead of the forecast. 

When the control system receives a short-term weather forecast from many network providers, 

this will reduce the occurrence of errors in the system (Figure 7). Accordingly, it is very 

important to connect the system with more than one forecast weather resource in order to 

increase the Predict correct ratio and ensure a perfect functioning of wind turbine plants. 

 

 

Figure 7.  Typical Forecast Performance (Brower, January 2011)  
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Smart Blades Design: 

Background: 

It is true that varying blade pitch is an intelligent system of controlling loads by 

increasing/decreasing kinetic energy from the wind. However, this method appears to have a 

limitation in the case of low gusting winds.  In order to improve it, new ideas should be 

presented to support it and provide a solution which can help increase the production in different 

weather conditions. Blades are one of the most critical and visible parts of the WTP. Building 

them on a large scale is one of the challenges facing engineers. In this regard,  the next- 

generation of WTP promises to have a positive result. Throughout time, blades have been made 

of various and different materials, depending on the raw materials used, the cost and of course, 

the diameter of the blade. All in all, smart blade technology provides a solution in the case of low 

gusting winds. 

Wooden Blades: 

Wood is a spongeous and fibrous structural tissue, which exists and grows up in the whole 

structure of trees and other woody plants. It is an organic material and a natural composite of 

cellulose fibers. There are about 434 billion cubic meters of forest area in the world, 47% of that 

land area is used for the commercial purpose (Food and Agriculture Organization of the United 

Nations, 2005). As a plentiful and carbon-neutral renewable resource, wood materials has been 

one of the sources of renewable energy in the world (Horst H. Nimz, 2002). Moreover, it has 

been used since the beginning of humanity for fuel and as a construction material. Traditional 

European windmills used blades on canvas and wood in the 19
th

 century because it can be strong 

in dealing tension and resists compression. Even today, wood is used  in the small wind turbine 

blades. Wood has always been popular around the world; it is durable, cheap, available, easy to 

work with, environment-friendly and has good fatigue characteristics. Nevertheless, solid wood 

planks work perfectly for the small turbines with blades up to 5 meters in diameter, but designers 

and manufacturers prefer using the laminated wood for larger turbines as well. Laminated wood 

provides better control over the blade's strength, stiffness, retraction, and warpage. Thinner slices 

of the wood are used as veneers. Layer upon layer of razor-thin slices is compressed together 
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with a resin and molded into the airfoil shape. This method is used to build a structure of high 

performance for wind turbines in U.S and EU countries (Gipe, 2004).  

Metal Blades: 

In general, metal is a material that is typically hard, impermeable, has a high reflectivity of light 

and has good thermal & electrical conductivity. Metals are malleable; they can be pressed/forced 

permanently out of shape without breaking or cracking, and are as well able to be melted and 

drawn out into a thin shape (Encyclopædia Britannica, 2014). 

At the end of the 19
th

 century, WTP designers and manufacturers started to replace wooden 

blades with galvanized thin steel sheets. It has been used ever since because steel is stronger and 

widely known. However, steel is heavy. Therefore, the hub, drive train, and the tower must be 

enormous than any other construction with a lighter rotor. 

Aluminum is beginning to be used because it is lighter and stronger for its weight. Hence, this 

metal is starting to be used widely of in many fields, especially in the aircraft industry. The 

techniques used to build the wings of air plan follow the same concept used to fabricate the 

aluminum blades. Unfortunately, aluminum has two disadvantages: first, it is expensive. Second, 

it can be subject to metal fatigue. 

Besides, Metal Blades, in general, whether steel or aluminum, cause television and radio 

interference. Metals, in general, reflect radio/television signals; these create a phenomenon called 

the “ Ghost effect.” Based on the points mentioned above, no manufacturer used metals to install 

metal wind turbine blades (Gipe, 2004). 

Fiberglass Blades: 

Fiberglass are also called  GRP (glass-reinforced polyester) and is a type of fiber reinforced 

plastic. Today, this material has multi-purpose applications around the world: aircraft, boats, 

automobiles, swimming pools, septic tanks, water tanks, roofing, external door skins and WTP 

blades. It is strong, light weighted and affordable. Although Fiberglass are as strong and stiff as 

Carbon Fiber Reinforced Polymer CFRP, it is less fragile. Moreover, raw materials are much 

cheaper and available. Its bulk strength and weight are also preferred to any other metals; it can 
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be more easily molded into complex designs and has good fatigue characteristics. These are 

some of the reasons why fiberglass have become one of the main materials of choice. 

 

Figure 8. Cross section of a fiberglass blade layer (Gipe, 2004) 

 

. The major techniques used by manufacturers is to place a  layer after layer of fiberglass cloth in 

the molds of the WTP blades and to coat/cover epoxy resin/glue between each layer and another 

new coat. When the half-shell is completed, they are glued together again to have a fully 

designed shape of the blade. This joint between each half-shell could be a drawback of this 

material. Besides, the GRP is not strong enough for long length; It cannot be reliable, especially 

if the length of the blades is increased.  
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Figure 9.  Crack joint between two half-shell  

Carbon Fiber Reinforced Polymer CFRP Hybrid Materials: 

Saying that carbon fiber is the perfect material to be used in WTP blades depends on the cost 

performance of the CFRP and the mechanical properties like strength and stiffness of the 

material. In general, CFRP is now prevalent and used in many applications for selective 

reinforcement and stiffening. However, The CFRP is more commonly used with wood-epoxy 

than in GRP blade design. This can be explained by the fact that mechanical properties, 

specification, and the strain-to-failure is better matched with GRP than with CFRP. The result of 

the mixed material (wood-epoxy& CFRP) gives more reinforcement and stiffening and laminates 

with a high degree of structural efficiency. However, depending on the gravity-induced bending 

moment rather than the absolute weight that drives the load, the greatest benefit is to reduce the 

mass in the outer blades. Wood can be a good material to use, but it is heavier than GRP, so to 

solve the mismatch in strain-to-failure between the GRP and CFRP, a combination of this fiber 

in a primary load-bearing direction is inefficient. 
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The hybrid material of rotor blades frequently consists of fiber composites, which are a matrix 

material, mostly based on epoxy and polyester and other supporting fibers of glass or carbon. 

This type of blades is usually more efficient, lighter shows the best performance and has a longer 

lifetime. Therefore, hybrid designs of blades exist massively in the market. It is still worth 

recalling that it mainly depends on the diameter, the weather, the location (onshore/offshore) and 

the cost. 

 

Figure 10.  Internal & External carbon ply drops (nominal ply thickness) (Griffin, 2004)  

Carbon Nanotube (CNT): 

Carbon Nanotubes were discovered in 1991 and were a true revolution in the field of materials 

science. It is an Inorganic material,  of the fullerene structural family, which include buckyballs 

(also named Buckytube). The nanotubes are cylindrical, unlike the buckyballs which are 

spherical in shape. The hemisphere of the buckyball structure has, at least, one typically capped 

end. Nanotubes are derived from their size (the diameter of a nanotube is approximately few 

nanometers or less). There are two main types of nanotubes: 

a) Single-walled nanotubes (SWNTs). 

b) Multiwalled nanotubes (MWNTs). 
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The single-walled nanotubes (SWNTs) is divided into three types: 

a) Zig Zag shape. 

b) Chiral shape. 

c) Armchair shape. 

 

Figure 11.  Carbone Nanotubes (CNT) (Nano Science Instruments, 2016) 
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Figure 12.  (The Nano Age, 2015) 

Carbon Nanotubes are cylindrical molecules of carbon about 50,000 times smaller than the width 

of the hair, but the length can be up to several centimeters. With this great property, surely useful 

for a wide variety of applications including nano-electronics, optics, materials applications, water 

treatment, etc., they exhibit extraordinary tensile strength and can provide an excellent solution 

to redesign the blade constructor and have a longer and stronger blade at the same time. 

Carbon nanotubes are one of the strongest materials ever. The geometry can carry/resist forces in 

different properties in both axial and radial directions. The test result shows that CNT is adamant 

and stiff in the axial direction. The Young's modulus of the order of 270-950 GigaPascals and 

tensile strength of 11 - 63 GigaPascals were founded (Min-Feng Yu1, 2000). Moreover, practical 

evidence shows that in the radial direction, CNT  is rather flexible (Ruoff, et al., 1993). 

However, the production price of Single-walled nanotubes is still very high. It accounted for 

around $1500 per gram in 2000. However,  in 2007, the price declined, and several suppliers 
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were offered to produce SWNTs between $50–100 per gram (The Nano Age, 2015). Today, the 

price is falling again, and several suppliers are proposed to produce the SWNTs between $35–70 

per gram. This material can serve many purposes and is the future of many industries, so the 

demand will strongly increase when the prices are acceptable. Thus, the price should be reduced 

to allow the exploitation of this amazing material in all industrial fields in order to ensure 

development in industry, medicine, engineering and to produce longer blades.  

This kind of materials could be used as mechanical support lines in a tiny quantity. For example, 

it can be used with any other materials as GRP or CFRP. This chapter will later present the 

design of the new blades and the main purpose of using this material. 

Rotor Blade Design: 
The basic blade terminology has divided the blades in general into three construction areas; one- 

third of the blades contains 50% of the total gross weight of the blade, and one-third of the blade 

length (figure 13). The other two-thirds of the blade are called ‘Aerodynamics Squeezes 

Structure’ and ‘Deflection Control,' They represent critically & an active area of aerodynamics 

forces, contain the two-thirds of the length and the half gross weight of the blade. 

 

Figure 13. Blade Structure Zones (Jamieson, July 2011)  

 On the other hand, there is a linear relationship between the total length and the width of each 

part of the blade.  This linear relationship emerges from many studies and practical experiments 

in different designs. The main purpose is always to improve the efficiency, increase the 

durability of the blades and reduce the operational and manufacturing cost.  
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As per the model NREL S818 airfoil from the S-serial model for megawatt blade. The maximum 

value of the width is called the maximum chord CMaxdimension, it is corresponding to  8% of the 

total length of the blade r/R, and is located exactly in the first quarter of the blade (Figure 14). 

The blade tip (minimum chord) is always situated in the last part of the blade of which the width 

value represents 2.6% of the total length of the blade r/R. Finally, the circular blade root at the 

beginning of the blade the diameter represents 5% of the blade r/R total diameter. This 

dimension given to the root transition regions is nominal and may be modified as needed in any 

phase of the developments of the blade designs in the future. 

 

 

Figure 14.  Baseline blade chord distribution (Griffin, 2004) 

In the cross section as can be seen in Figure 15 below, we can clearly notice a linear relationship 

between the total width and the height of each part of the blade. This linear relationship is 

resulting from studies and practical experiments in different designs. The main purpose is always 

to improve the efficiency, increase the durability of the blades and reduce the operation and 

manufacture cost. 
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Figure 15. Common structural architecture for wind turbine blade (Griffin, 2004) 

Each model in the S-series airfoils is designed for a specific capacity.  The difference between 

these series can be seen clearly in Figure 16 and Table 2 below:   

 

Figure 16.  Airfoils used for baseline blade model (Griffin, 2004)  
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Table 2. Airfoil Shape Modifications and Baseline Planform (TSRDesign=7, CMax= 8% R) (Griffin, 2004) 

 

In the last recent years, the size, length and volume of wind turbine blades have been increased. 

Now, The SeaTitan™ 10MW wind turbine designed by American energy technologies company 

AMSC is presenting the largest Swept area of 190 m diameter (power-technology.com, 2014).  

This study assumed that blade no. NREL S818 airfoil from the S-serial model is the 

Developmental Model in which to apply the new idea to have a variable diameter blade. After 

all, it is easy to implement this idea in other models and any length. Even if the length will 

always be increasing in the future; it is growing necessity to capture more kinetic energy from 

the wind.  

Smart Variable Diameter Blade:  
Creating a flexible system, and producing the maximum energy from the wind it is one of the 

main aims of this thesis. The blade structure design in original form is intended to operate in e 

harsh weather conditions with wind velocity up to 25 m/s. However, this study focuses on 

providing a solution for the low wind velocity, because the structure will be over stronger in this 

case; even more stronger more than needed. So we assume that it is possible to extend the length 

of the diameter blade to 25%. However, the question that should be asked here is: How can it be 

made possible? The Figure 17 below can give quick feedback on the simple proposal design. The 

new design is based on three important ideas: 
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1- The extend arm/blade should be closer to the hub throughout the normal/peak wind 

velocity, it is important to ensure that the original design will not be affected by the 

changes and additions parts inside the blade. Because in this case,  the extended blade can 

be pulled down by proper wire to the center, and will fix in the first part of the blade 

which represents 50% of the total gross weight of the blade (mentioned earlier in this 

study - Figure 13) which is an area of low aerodynamics forces. So it is the right place to 

hold the extend blade/arm until needed. 

2- When the wind velocity is low, the swept area should be increased by pushing out the 

extended blade. The support installation of the extends blade should be light, controllable 

and affordable. Nothing could be better than the flexible air tube: only by pumping high-

pressure air, it will extend and push out the extended blade to the end of the blade and 

will hold/support it. There is a circular hole in the center of the flexible tube; it allows the 

wire to move freely through it and connect the bottom of the extended blade to the hub. 

When the wind velocity increases, a motor will pull back the extended blade by the wire, 

and the air valve of the flexible tube will open to allow the extra air to come out and the 

tubes will be self-folded again back to its previous state. 

3- There is a gate in the tip allowing the extended blade to go out and to support it. The gate 

contains two symmetrical balloons for two reasons: 

a) To keep the gate closed from the dust and water, which could come in during the 

WTP working on the original blade diameter, even when the extended blade is out, it will 

fill up the gap for the same reason. 

b) To provide an additional support between the two different blades and absorb the 

vibration that can occur when the rotor is moving around. 
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Figure 17. Smart Variable Diameter  Blade  

 

4- The internal structure design & support (forward shear web & aft shear web) for the spar 

caps will change when needed for the new path of the extended blade along the blade as in 

Figure 17. 

Hybrid Materials Blades With Carbon Nanotube: 

As mentioned before, CNT has excellent mechanical specification performance. CNT is one of 

the strongest materials because its geometry can carry/resist forces in different properties in axial 

and radial directions, and a tiny quantity of it can give excellent performance and support. 



 

 
37 

 
 

 

However, its price is the only challenge facing the use of this material, but the good news is that 

it is falling day by day. (From 1500 $ per gram to about 35 $ per gram). The material could be 

cheaper, but the expected high demand may delay the CNT slumping prices. 

 

Figure 18. CNT support layer surrounding the blade  

The technical arrangements for CNT use are: packaging the blade by a thin layer around the 

blade, which will significantly support the hybrid material structure. On the other hand, using the 

air pressure inside the blade as an internal support for the external surface structure can work 

exactly like the truck tire. The truck tire is used as a double-support tool: first: the air pressure in 

the tire, second: the steel cord/mesh keeps the form of tire design, reducing the tire’s weight and 

rolling resistance. This idea will use the same technique of the truck tire; air pressure will help 

and give the necessary internal and extra supports. The stronger hybrid CNT material will 

provide the necessary performance.  



 

 
38 

 
 

 

 

Figure 19.  Section of Pressurized Blade  

Wind Turbine System:  

Introduction: 
Wind energy exploitation has existed for a very long time. A  historian-scientist stated that 

windmills were used over 3000 years ago (Lubosny, 2003), Until the beginning of the 19th 

century the windmills were used to generate mechanical power to grind grain and pump water 

from underground. 

The first wind turbine used to produce electrical power appeared at the beginning of the 

twentieth century; this technology was then improved gradually since the early 1970s. In 1990, 

wind turbine plants were presented as one of the most valuable renewable/clean energy 

resources. The petroleum shortages in the last century were offering to the world a great favor. 

Moreover, for the security concerns of nuclear power and environmental issues As the proverb 

says: “Every Cloud Has a Silver Lining”. Today, WTP is one of the best technologies to provide 

a clean/cheap resource of sustainable electrical power supply in the world, in other words: it is 

simply the future of the world development. 

From 1970 until now, the capacity of WTP has doubled approximately every three years. It is 

worth mentioning that the five following countries (Germany, USA, Denmark, India, Spain) 

have around 83% of the worldwide wind energy capacity in their land (Ackermann, 2005). 
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Increasing the power production based on renewable energy, the wind, in particular, is a 

persistent need for environmental and economic reasons. In this context, the next -generation 

wind turbines are very promising. However, to achieve that the desired goals, wind turbines 

should be built on a large scale, with a proper generator and a massive blade, giving the 

maximum torque of the kinetic energy from the wind. 

Direct Drive Generators: 
Recently, to use the energy harvested by huge blades, engineers and manufacturers are 

increasingly turning to a variable speed wind turbine with a permanent magnet/wound rotor 

synchronous generator. There are many technical reasons for that. One of the major ones is to 

fulfill the requirements of this study as the future of WTP. 

These days, doubly fed induction generators are vastly used in most of the wind turbine 

generator systems, although the multi-pole permanent magnet synchronous generators are 

present too. Wind turbine generator systems (Gearless) are preferred because they provide a 

better performance due to fewer maintenance requirements and a higher efficiency,  they do not 

have or need a gearbox. Therefore, it increases their effectiveness, reduces the weight of the 

nacelle and minimizes the cost as well. 

In general, The permanent magnet/wound rotor generators do not require a gearbox at all. The 

gearbox is becoming a conventional model and could potentially disappear over time. WTP does 

not have a box of the gearbox, which represents a positive point. One of the biggest advantages 

is reducing the number of mechanical parts between the hub and generator; simply that mean 

improves the efficiency. Also, by removing the gearbox, we also reduce the chances for the 

gearbox to break down/fail because the gearbox failures are the most consequential (Tavner, 

2007). Consequently, the availability of the wind turbine will be better, and power production 

will also be higher. The wind turbine can probably be more costly (in the short term), but it is 

certainly the most suitable power generator in the future and today's best direct drive generator 

with a capacity of over 10 MW available.  
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On the other hand, when the blades become larger, they rotate at a lower speed with higher 

torque, which means they need a larger generator to produce maximum electrical power. 

Moreover, there is a direct relationship between the diameter of the blade, the diameter of the 

generator and the rotation speed.  

It is worth calling the attention to the fact that the most powerful direct drive system has been 

developed by Enercon (for example model No. E126 with a 126 m rotor diameter and a 12 m 

diameter generator). The direct drive generator proves to be very effective because it is designed 

only to transmit the torque to electrical power, and not to accept the actual loads coming from the 

blades. 

Table 3. Direct-drive wind turbines. 

Commercial name Diameter (m) Rated  power (MW) Comment 

EnerconE126 126 6.00    Wound rotor 

DarwindDD115    115 5.00    PMG 

Siemens 107   3.60    PMG and converter from 

Conver team    

ScanwindSW3500 91 3.50    PMG and converter from 

the switch    

Vensys (Goldwind)    90 2.50   PMG most prevalent PMG 

design 

Northern Power 

Systems 

80 2.00   PMG 

LeitwindLTW77 77 1.35   PMG 

Harakosan 71 2.00   PMG 

MtorresTWT 70 1.65   PMG 

Koncar UnisonU50    57 1.00   Wound rotor – new 

Croatian design    

UnisonU50 50 0.75 PMG first Korean wind 

turbine design 

Northwind100 20 0.10 PMG 
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Smart Variable Hub Height:  
As height increases, the wind velocity increases progressively to exceed its level at the surface. 

The present part outlines the most important issues concerning how to create a flexible system to 

control the hub level. Increasing/decreasing the hub height depends on wind velocity and the 

system requirements in order to increase energy production to the maximum and protect the 

system parts from any risk that can occur. The new generation of WTP should have a lifting 

system allowing it to increase the height of the hub level when the wind velocity decreases; 

especially when the production system needs to increase the energy output. This section will be 

mainly divided into two parts.  

Relation between Altitude and Wind velocity: 

𝑉ℎ𝑢𝑏

𝑉0
= (

ℎℎ𝑢𝑏

ℎ0
)𝛽 

Relation between air pressure and height over the sea level: 

𝑃𝑎(ℎ) = 1013 − 0.120ℎ 

Air density in relation to the air pressure and temperature: 

𝜌𝑎 =
1.293

(1 + (0.00367𝑡)
∗

𝑃𝑎

1013
 

The Hydraulic Lift System: 
The lifting system should have the capacity to carry hundreds of tons of kilograms to tens of 

meters height. In other words, this process will require a huge amount of energy consumption. 

There is a need to redesign the current WTP architecture and upgrade the control system. The 

foundation, the structural and mechanical design of the WTP must have the ability to carry 

different weights and to be resilient to different challenges that may face it. Moreover, it is 

imperative to take into consideration the environmental situation and raise the level of 

preparedness in view of any possible circumstances that can confront the system during the 

operation period. Because the hydraulic system will use hundreds of litters of oil to carry up the 

nacelle, any major or insignificant leak during the functionality or maintenance should not be 
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overlooked as it can lead to drainage of oil. Therefore, an oil collecting system should be 

developed to retrieve the leaking oil. 

 

Figure 20. The Drainage/ Collect System  

 

On the other hand, it is necessary to have two sets of lifting systems, while one is operating, the 

another will be pending. The hydraulic lifting system is characterized by its simplicity and 

affordability when compared to other lifting systems. Furthermore, it has the capacity to lift very 

heavy loads with less energy consumption. More importantly, that system has the ability to 

recover energy when the system reverses the lifting process. 
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Figure 21. Hydraulic Lift System  

 

Figure 22. The Process of Hydraulic Lift System  
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The Hydraulic Power Recovery Turbine (HPRT): 
Today, there is a pressing need to conserve to the maximum both cost and energy during the 

functioning of WTP. Thus; energy could be consumed in a way to reduce power requirements. 

This simply means that energy should be recovered and generated based upon whether the 

system requires reducing the hub height and moving the nacelle down to the original level or not. 

The present section aims at finding the best possible solutions to save the energy consumed 

during the lifting up of the nacelle as well as to reduce the operating costs. To achieve these 

objectives, using the same hydraulic pump as a hydraulic turbine when the process is reversed is 

highly recommended. Many types of hydraulic pump can be operated in the reverse process as a 

hydraulic power recovery turbine (HPRT). The pump operates with a high efficiency which is 

expected to provide excellent performance and reliability when the direction of the flow is 

reversed. In this case,  the pump will also be used as a driver. Besides, pumps are also less 

complex and more flexible than the conventional turbines. Another thing worth mentioning is 

that side from being economical, it using the same network for both purposes is easier to justify. 

 

Figure 23.  The Process of HPRT  
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The hydraulic pump and the HPRT systems do not actually operate in absolutely different ways. 

Therefore, in most cases, there is no reason to redesign the hydraulic pump in order to operate as 

an HPRT. The below simple formulas can be used to calculate the turbine efficiency and flow 

rate. The efficiency is  based on the performance of the same unit operating as a hydraulic pump. 

𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲(𝛏)𝐓𝐮𝐫𝐛𝐢𝐧𝐞(𝐛𝐞𝐩) = 𝐄𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲(𝛏)𝐏𝐮𝐦𝐩(𝐛𝐞𝐩) 

While operating the system as a turbine, the rotation is reversed. The operating heads, flow rates, 

and power output are so much higher than the pump rate; This can create major problems and 

can probably damage the turbine parts. However, there is a possibility to solve this issue by 

adding a pressure valve (or any equivalent parts) with a view of controlling the liquid flows in 

the optimal rates as mentioned in the Figure 23. 

The Innovative Ideas and Steps of Operating the  System  
The planning and implementation phases are very essential to have a clear vision of the overall 

procedures.  This also applies to our case because having a vision is undoubtedly a key factor in 

optimizing the functionality of the system to higher levels of efficiency and safety to protect it 

from any risks that may occur. It is undeniable that control programs allow many ideas to take 

off. The current computer systems perform well beyond expectations in terms of monitoring, 

controlling and even doing some types maintenance tasks. Having use of weather forecast in the 

short term can also be beneficial, despite of the occurrence of some small error percentage as 

mentioned earlier. What is more important to point out is that the operating process follows three 

successive steps depending on wind velocity (See Figure 24) and in two options/ scenarios: 
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Figure 24. 

Operating the System as Option 01 

In this option is applied the idea of variable hub height without increase/decrease the Swept area, 

to calculate the additional cost, the power curve, the feasibility study and sound power level of 

this option, should first describe the operation levels as below: 

Level A 

This is the normal, typical and the level of operating the system because it represents the 

conventional/current turbine design. The idea here is that there is no need to speed up the energy 

production because it already reaches the optimal value when the wind velocity is high enough to 

reach the maximum production level of the turbine. It operates exactly like the conventionally 

designed turbine until the wind velocity decreases. Only in this case does the system move to the 

following levels as we can see in Figure 27. 

Level B 

When wind velocity decreases and the power curve goes below the optimal level, the system will 

provide a support and will then go to next (Level B) by increasing the hub height. In this case, 

the hydraulic lifting system starts to operate through the control system until the hub level 

reaches +30% of the height. This level will be active until the wind velocity increases or 

decreases; then the system will move to level C or  A as shown in Figure 27. 
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Figure 25. 

Level C 

 If the wind velocity does not exceed or is lower than 10 m/s the system moves to the third 

operating level (Level C) by increasing the hub level untile it reaches +50% of the original hub 

height. This level is activated untile the wind velocity increases above 10 m/s, and it then goes 

back to level B as shown in Figure 27. 
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Figure 26. 

 

Figure 27.  Operation Levels As Option 01  
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The power curve 

 

Figure 28. 

The Capacity Factor  

 

Figure 29. 

 

0

500

1000

1500

2000

2500

3000

3500

1 4 7 10 13 16 19 22 25

K
W

 

 Wind Velocity [m/s] 

Power Curve (Option 01) 
 

Current Design (E-101)

Future Desgin

34,5 35 35,5 36 36,5 37 37,5 38 38,5 39

Current Design

Future Design

Capacity factor



 

 
50 

 
 

 

The Feasibility Study of Upgrading  The Current WTP To Option 01:  

It can be said that the scientific and technical side is very important to improve the future of 

renewable energy. But, the most influential side from the point of view of investors is 

profitability. Money is the main engine driving the majority of industrial activities,  but at the 

same time in general, money is the main cause of most environmental problems around the 

world, which puts considerable pressure on scientists. Always, the answers should prepare for 

the cost of any issue's solution inherited today from the previous generation. So to answer that 

type of questions, there is a need to evaluate the expected cost for idea application, and calculate 

the total energy production and compare it with the one generated by the conventional/current 

system. In this chapter the cost is evaluated based on market prices by many communication 

methods as verbal information, Emails and quotations with manufacturers, consulting 

engineering companies, website commercial & industrial sales (Alibaba.com) and senior 

colleagues engineer on previous projects. 

 

 

Figure 30. Price of Turbine and Additional Costs for Foundation and Grid Connection, 

Calculated per kW for Selected Countries (Left Axis), Including Turbine Share of Total Costs 

(Right Axis). (EWEA, 2014).  
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Total Cost of  Implementing The New Ideas 

The Cost of  Hydraulic Lift Equipment System 

The pricing of the hydraulic lifting system differs and varies from one country to the other.  The 

price on Table 4, based on the average of three different regular prices in three different 

countries (China, South Korea and Australia). The providers defined the price of the following 

items based on the  FOB (free on board price) system of pricing: 

Table 4. 

 Item Quantity Price 

1 Hydraulic lift pump  2  

 

 

 

 

1600€/ton 

(FOB Price) 

2 Oil tank  1 

3 Hydraulic Cylinder  4 

4 Control panel  1 

5 Automatic valve 4 

6 Pressure valve  4 

7 Non-return Valve 4 

8 Pipeline (high pressure)  Lump sum 

9 Collection oil tank (drainage) 1 

10 Floor trap   4 

11 UPVC pipeline Class 16 (drainage) Lump sum 

12 Electrical cable  Lump sum 

13 Excavation & foundation works -  

It is included in the 

table (33) 

14 MEP connection and installation - 

15 Civil work for pump room  - 

16 Civil/mechanical work for the lift system - 
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The Total Cost Fraction of Current/Future Design: 

 

          Table 5. 

  

Component 

Current Design Future Design – Option 01 

 Cost fraction 

 (Jamieson, 2011) 
Cost Aprroximatley fraction 

1 Blades 0.177 0.177 

2 Hub 0.077 0.077 

3 Gearbox 0.143 0.143 

4 Generator 0.076 0.076 

5 Yaw system 0.019 0.019 

6 Nacelle cover 0.020 0.020 

7 Nacelle structure 0.040 0.040 

8 Tower 0.219 0.3285 

9 Variable speed system 0.073 0.073 

10 Pitch system 0.043 0.043 

11 Rotor brake 0.006 0.006 

12 Couplings 0.003 0.003 

13 Shaft 0.041 0.041 

14 Other 0.063 0.063 

15 Hydraulic lift system N/A 0.030 

Total Turbine Cost  1.000 1,1395 
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The Total Output Production of  The Current  Design: 

The Capacity Factor: 

 

Table 6/a. 

Wind  Velocity 

[m/s] 

Duration  

  [Hours/year] 

Duration  

[%/year] 

Average Wind speed at hub-height 

[m/s] 

0 438 5  

 

 

 

 

 

 

 

 

 

 

 

 

8.50 

1 613,2 7 

2 525,6 6 

3 613,2 7 

4 700,8 8 

5 613,2 7 

6 700,8 8 

7 569,4 6,5 

8 613,2 7 

9 438 5 

10 306,6 3,5 

11 262,8 3 

12 175,2 2 

13 175,2 2 

14 219 2,5 

15 131,4 1,5 

16 175,2 2 

17 175,2 2 

18 87,6 1 

19 175,2 2 

20 87,6 1 

21 87,6 1 

22 87,6 1 

23 87,6 1 

24 87,6 1 

25 87,6 1 

* V50 ( extreme 50-year gust (m/s)) = 58, wind class II. 
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Table 6/b. 

Current Design of Enercon (E-101) 

Speed 
[m/s] 

Turbine power output 
[KW] 

Swept area 
[m^2] 

Hub height 
[m] 

Production 
[KWh/Year] 

0 0 8012 99 0 

1 0 8012 99 0 

2 3 8012 99 1575 

3 373 8012 99 22761 

4 1184 8012 99 83095 

5 259 8012 99 159005 

6 481 8012 99 337133 

7 793 8012 99 451336 

8 1206 8012 99 739462 

9 1717 8012 99 752048 

10 2350 8012 99 720620 

11 2879 8012 99 756631 

12 3048 8012 99 534044 

13 3050 8012 99 534360 

14 3050 8012 99 667950 

15 3050 8012 99 400770 

16 3050 8012 99 534360 

17 3050 8012 99 534360 

18 3050 8012 99 267180 

19 3050 8012 99 534360 

20 3050 8012 99 267180 

21 3050 8012 99 267180 

22 3050 8012 99 267180 

23 3050 8012 99 267180 

24 3050 8012 99 267180 

25 3050 8012 99 267180 

    

9634132 
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The Total  Output Production  of  Future Design (option 01): 

 

 Table 7. 

Future Design - option 01 

Operation 
level  

Hub height 
[m] 

Swept area 
[m^2] 

Speed [m/s] 
Turbine 
power 

output[kW] 

Production 
[kWh] 

Level C 

148,5 8012 0 0 0 

148,5 8012 1,06 0 0 

148,5 8012 2,12 3,552040954 1867 

148,5 8012 3,18 44,00908636 269863 

148,5 8012 4,23 140,586042 98523 

148,5 8012 5,29 307,4443343 188525 

148,5 8012 6,35 570,3829975 399724 

148,5 8012 7,41 939,8127832 535129 

148,5 8012 8,47 1429,789959 876747 

148,5 8012 9,525 2035,775156 891669 

148,5 8012 10,585 2786,716341 854407 

Level B 
128,7 8012 11,415 3050 801540 

128,7 8012 12,45 3050 534360 

Level A 

99 8012 13 3050 534360 

99 8012 14 3050 667950 

99 8012 15 3050 400770 

99 8012 16 3050 534360 

99 8012 17 3050 534360 

99 8012 18 3050 267180 

99 8012 19 3050 534360 

99 8012 20 3050 267180 

99 8012 21 3050 267180 

99 8012 22 3050 267180 

99 8012 23 3050 267180 

99 8012 24 3050 267180 

99 8012 25 3050 267180 

 
 

    

10285899 
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Figure 31. 

If make a quick comparison between the current design Table 6 and the future design Table 7. 

The result shows the that the future design will increase the power production around +5.7%, 

which means produce more 409 MWh/year. In another way, the Figure 31 explained the increase 

in output, which the future design generates it during the low wind speed from the value of cut-

on (2 m/s) until the beginning of level A (nominal level for both designs). Which is the level C 

(from 0-10 m/s) increase the production up to 15.6%, and the level B (from 10-13 m/s) increased 

the production up to 10%. 

Annual cost of investment: 

Ca = a ∗ Ci 

Method of annuity: 

a =
(

r
100) ∗ qn

qn − 1
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𝑞 = 1 + (
𝑟

100
) 

Table 8.1 

Year no. 
1 2 3 4 5 6 7 8 9 10 

Interest % 
4 4 4 4 4 4 4 4 4 4 

Repayment/year 
1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 

Interest Expense 
1280 1112 931 737 529 306 77 -169 -430 -710 

Inflation 
2 2 2 2 2 2 2 2 2 2 

Land lease 
250 257 264 271 278 285 293 300 308 316 

Electricity grid, tariff 
200 204 208 212 216 221 225 230 234 239 

Service & 

maintenance 
260 260 265 275 280 460 469 479 488 498 

Administration + tax 
50 51 52 53 54 55 56 57 59 60 

Insurance 
20 20 20 20 20 60 61 62 64 65 

Total cost / year 
3660 3504 3340 3168 2977 2987 2781 2560 2322 2068 

Production (MWh / 

year) 
9634 9634 9634 9634 9634 9634 9634 9634 9634 9634 

Real price increases 

electricity % 
1 1 1 1 1 1 1 1 1 1 

Electricity price (öre/ 

kWh) 
40 41 42 44 45 46 48 49 51 52 

Support system (öre/ 

kWh) 
25 26 26 27 27 28 28 29 29 30 

Total revenue / year 
6262 6426 6594 6767 6944 7127 7314 7506 7704 7906 

Profit / loss for the 

year no. 
2602 2922 3254 3599 3967 4139 4533 4946 5381 5838 

Total profit / loss 
2602 5524 8778 12377 16344 20483 25015 29962 35343 41181 

The remaining debt 
27798 23276 18422 13223 7656 1917 -4215 -10762 -17743 -25181 

* Prizes are given in 1000 Swedish crowns (kkr)  

** Total investment of original design (ENERCON (E-101)) = 32000 kkr  
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Table 8.2 

Year no. 
11 12 13 14 15 16 17 18 19 20 

Interest  [%] 
4 4 4 4 4 4 4 4 4 4 

Repayment/year 
1600 1600 1600 1600 1600 1600 1600 1600 1600 1600 

Interest Expense 
-1007 -1324 -1661 -2019 -2400 -2804 -3109 -3431 -3773 -4135 

Inflation 
2 2 2 2 2 2 2 2 2 2 

Land lease 
325 333 342 351 360 240 247 255 262 270 

Electricity grid, 

tariff 
244 249 254 259 264 269 275 280 286 291 

Service & 

maintenance 
508 518 520 530 541 552 563 574 586 597 

Administration + tax 
61 62 63 65 66 67 69 70 71 73 

Insurance 
66 68 69 70 72 73 75 76 78 79 

Total cost / year 
1796 1506 1187 856 503 -3 -281 -576 -890 -1224 

Production (MWh / 

year) 
9634 9634 9634 9634 9634 9634 9634 9634 9634 9634 

Real price increase 

electricity  [%] 
1 1 1 1 1 1 1 1 1 1 

Electricity price 

(öre/ kWh) 
54 55 57 59 61 62 64 66 68 70 

Support system (öre/ 

kWh) 
30 31 32 32 33 0 0 0 0 0 

Total revenue / year 
8115 8329 8549 8775 9007 6004 6184 6369 6560 6757 

Profit / loss for the 

year no. 
6319 6823 7362 7919 8504 6007 6464 6946 7451 7981 

Total profit / loss 
47500 54323 61685 69604 78108 84115 90579 97525 104976 112957 

The remaining debt 
-33100 -41523 -50485 -60004 -70108 -77715 -85779 -94325 -103376 -112957 

* Prizes are given in 1000 Swedish crowns (kkr)  

** Total investment of original design (ENERCON (E-101)) = 32000 kkr (kkr)  
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 Table 9.1 

Year no. 
1 2 3 4 5 6 7 8 9 10 

Interest  [%] 
4 4 4 4 4 4 4 4 4 4 

Repayment/year 
1823 1823 1823 1823 1823 1823 1823 1823 1823 1823 

Interest Expense 
1459 1281 1091 886 666 431 188 -72 -349 -645 

Inflation 
2 2 2 2 2 2 2 2 2 2 

Land lease 
267 274 282 289 297 304 312 321 329 338 

Electricity grid, tariff 
200 204 208 212 216 221 225 230 234 239 

Service & 

maintenance 
260 260 265 275 280 460 469 479 488 498 

Administration + tax 
50 51 52 53 54 55 56 57 59 60 

Insurance 
20 20 20 20 20 60 61 62 64 65 

Total cost / year 
4079 3914 3741 3558 3357 3354 3135 2900 2647 2377 

Production (MWh / 

year) 

10285 10285 10285 10285 10285 10285 10285 10285 10285 10285 

Real price increases 

electricity [%] 
1 1 1 1 1 1 1 1 1 1 

Electricity price (öre/ 

kWh) 
40 41 42 44 45 46 48 49 51 52 

Support system (öre/ 

kWh) 
25 26 26 27 27 28 28 29 29 30 

Total revenue / year 
6685 6860 7040 7224 7414 7608 7808 8013 8224 8441 

Profit / loss for the 

year no. 
2606 2946 3299 3666 4057 4254 4673 5113 5577 6064 

Total profit / loss 
2606 5552 8851 12517 16574 20828 25501 30614 36191 42254 

The remaining debt 
32035 27265 22143 16654 10774 4697 -1799 -8735 -16135 -24022 

* Prizes are given in 1000 Swedish crowns (kkr). 

** Total investment of option 01= 36464 kkr. 
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Table 9.2 

Year n. 
11 12 13 14 15 16 17 18 19 20 

Interest [%] 
4 4 4 4 4 4 4 4 4 4 

Repayment/year 
1823 1823 1823 1823 1823 1823 1823 1823 1823 1823 

Interest Expense 
-961 -1297 -1654 -2035 -2439 -2868 -3190 -3532 -3895 -4279 

Inflation 
2 2 2 2 2 2 2 2 2 2 

Land lease 
347 356 365 375 385 256 264 272 280 289 

Electricity grid, 

tariff 
244 249 254 259 264 269 275 280 286 291 

Service & 

maintenance 
508 518 520 530 541 552 563 574 586 597 

Administration + 

tax 
61 62 63 65 66 67 69 70 71 73 

Insurance 
66 68 69 70 72 73 75 76 78 79 

Total cost / year 
2088 1778 1440 1087 712 173 -122 -437 -771 -1126 

Production (MWh / 

year) 
10285 10285 10285 10285 10285 10285 10285 10285 10285 10285 

Real price 

increases electricity 

[%] 
1 1 1 1 1 1 1 1 1 1 

Electricity price 

(öre/ kWh) 
54 55 57 59 61 62 64 66 68 70 

Support system 

(öre/ kWh) 
30 31 32 32 33 0 0 0 0 0 

Total revenue / 

year 
8663 8892 9127 9368 9616 6409 6602 6800 7004 7214 

Profit / loss for the 

year n. 
6575 7113 7687 8280 8904 6236 6724 7237 7775 8340 

Total profit / loss 
48830 55943 63630 71910 80814 87050 93774 101011 108786 117126 

The remaining debt 
-32421 -41357 -50867 -60971 -71698 -79757 -88305 -97365 -106963 -117126 

* Prizes are given in 1000 Swedish crowns (kkr). 

** Total investment of option 01 = 36464 kkr. 
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Figure 32. 

 

Sound Power Level of option 01: 

The investigate about the sound power around the future design of WTP  areas show the noise 

will decrease up to 0.7%  as per the formula and the schedule below: 

Loud Receive LR: 

𝐿𝑅 = 𝐿𝑆 − 20 log(𝑅) − 0.0005𝑅 
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Figure 33. 

         Table 10. 

LS [dB] Height [m] Distance [m] R LR 
105,5 135 100 168,002976 60,909659 

105,5 135 200 241,29857 57,7282557 

105,5 135 300 328,975683 54,9922362 

105,5 135 400 422,167029 52,7792303 

105,5 135 500 517,904431 50,9560552 

105,5 202,5 100 225,845633 58,3108432 

105,5 202,5 200 284,615969 56,2725067 

105,5 202,5 300 361,947855 54,1461059 

105,5 202,5 400 448,337206 52,2437358 

105,5 202,5 500 539,449951 50,5912519 
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Figure 34.  Sound power level in wind speeds 10 m/s 

Operating the System as Option 02 

In this option applies the both ideas of variable hub height and increase/decrease the Swept area, 

to calculate the additional cost, the power curve, the feasibility study and sound power level of 

this option, should first describe the operation levels as below:: 

Level A 

There is a match in the results and design in both case option 01 and option 02 at this level, so 

any changes did not happen at this level. 

Level B 

There is a match in the results and design in both case option 01 and option 02 at this level, so 

any changes did not happen at this level (see Figure 25 level B - option 01). 

Level C 

 If the wind velocity does not exceed or is lower than 10 m/s the system moves to the third 

operating level (Level C) by increasing the swept area by +25% and increasing the hub level 

until it reaches +50% of the original hub height. This level is activated until the wind velocity 

increases above 10 m/s, and it then goes back to level B (Figure 35). 
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Figure 35. 

 

Figure 36. 

0

500

1000

1500

2000

2500

3000

3500

1 2 3 4 5 6 7 8 9 10 11

K
W

 

m/s 

Operation of Level C - Option 02 

Current Design (E-101)

Future Design (up to +46%)



 

 
65 

 
 

 

The Power Curve 

 

Figure 37. 

 

 

Figure 38. 
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The Feasibility Study of Upgrading  The Current WTP To Option 02 

 

Total Cost of  Implementing The New Ideas 

The Cost of  Hydraulic Lift Equipment System: 

The pricing/cost of adding a hydraulic lifting system in option 02 is equal to the previous 

estimated value on option 01 as per the Table 4. 

The total Cost fraction of Current/Future Design: 

 

        Table 11. 

  

Component 

Current Design Future Design – Option 02 

 Cost fraction 

 (Jamieson, 2011) 
Cost Aprroximatley fraction 

1 Blades 0.177 0.2655 
 

2 Hub 0.077 0.077 

3 Gearbox 0.143 0.143 

4 Generator 0.076 0.076 

5 Yaw system 0.019 0.019 

6 Nacelle cover 0.020 0.020 

7 Nacelle structure 0.040 0.040 

8 Tower 0.219 0.3285 

9 Variable speed system 0.073 0.073 

10 Pitch system 0.043 0.043 

11 Rotor brake 0.006 0.006 

12 Couplings 0.003 0.003 

13 Shaft 0.041 0.041 

14 Other 0.063 0.063 

15 Hydraulic lift system N/A 0.030 

 Total Turbine Cost  1.000 1,198* 
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The Total  Output Production  of  Future Design (option 02): 

Table 12. 

Future Design with the same Turbine Enercon (E-101)- option 02 

Operation 
Level 

Hub height 
[m] 

Swept area 
[m^2] 

Speed 
[m/s] 

Turbine power 
Output 
[KW] 

Production 
[KWh/Year] 

Level C 

148,5 12519 0 0 0 

148,5 12519 1,05 0 0 

148,5 12519 2,12 6 2917 

148,5 12519 3,18 69 42166 

148,5 12519 4,23 220 153942 

148,5 12519 5,29 480 294570 

148,5 12519 6,35 891 624569 

148,5 12519 7,41 1468 836140 

148,5 12519 8,47 2234 1369918 

148,5 12519 9,52 3050 1335900 

148,5 12519 10,58 3050 935130 

Level B 
128,7 8012 11,41 3050 801540 

128,7 8012 12,45 3050 534360 

Level A 

99 8012 13 3050 534360 

99 8012 14 3050 667950 

99 8012 15 3050 400770 

99 8012 16 3050 534360 

99 8012 17 3050 534360 

99 8012 18 3050 267180 

99 8012 19 3050 534360 

99 8012 20 3050 267180 

99 8012 21 3050 267180 

99 8012 22 3050 267180 

99 8012 23 3050 267180 

99 8012 24 3050 267180 

99 8012 25 3050 267180 

     

12007571 
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Figure 39. 

 

If make a quick comparison between the current design Table 6 and the future design Table 13. 

The result shows the that the future design will increase the power production around +19.67%, 

which means produce more 1394 MWh/year. In another way, the Figure 39 explained the 

increase in output, which the future design generates it during the low wind speed from the value 

of cut-on (2 m/s) until the beginning of level A (nominal level for both designs). Which is the 

level C (from 0-10 m/s) increase the production up to 46%, and the level B (from 10-13 m/s) 

increased the production up to 10%. 
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Table 13.1 

Year no. 
1 2 3 4 5 6 7 8 9 10 

Interest  [%] 
4 4 4 4 4 4 4 4 4 4 

Repayment/year 
1918 1918 1918 1918 1918 1918 1918 1918 1918 1918 

Interest Expense 
1534 1317 1083 833 565 278 -20 -339 -678 -1040 

Inflation 
2 2 2 2 2 2 2 2 2 2 

Land lease 
312 320 329 337 346 355 365 374 384 394 

Electricity grid, tariff 
200 204 208 212 216 221 225 230 234 239 

Service & 

maintenance 
260 260 265 275 280 460 469 479 488 498 

Administration + tax 
50 51 52 53 54 55 56 57 59 60 

Insurance 
20 20 20 20 20 60 61 62 64 65 

Total cost / year 
4294 4090 3875 3648 3399 3347 3074 2781 2468 2133 

Production (MWh / 

year) 
12007 12007 12007 12007 12007 12007 12007 12007 12007 12007 

Real price increases 

electricity  [%] 
1 1 1 1 1 1 1 1 1 1 

Electricity price (öre/ 

kWh) 
40 41 42 44 45 46 48 49 51 52 

Support system (öre/ 

kWh) 
25 26 26 27 27 28 28 29 29 30 

Total revenue / year 
7805 8009 8218 8434 8655 8882 9115 9355 9601 9854 

Profit / loss for the 

year no. 
3511 3919 4344 4786 5256 5535 6041 6574 7133 7721 

Total profit / loss 
3511 7430 11773 16559 21815 27350 33391 39965 47098 54819 

The remaining debt 
32922 27085 20824 14121 6948 -505 -8464 -16955 -26005 -35644 

* Prizes are given in 1000 Swedish crowns (kkr). 

** Total investment of option 02= 38350  kkr. 
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Table 13.2 

Year no. 
11 12 13 14 15 16 17 18 19 20 

Interest  [%] 
4 4 4 4 4 4 4 4 4 4 

Repayment/year 
1918 1918 1918 1918 1918 1918 1918 1918 1918 1918 

Interest Expense 
-1426 -1836 -2272 -2736 -3228 -3751 -4150 -4572 -5020 -5494 

Inflation 
2 2 2 2 2 2 2 2 2 2 

Land lease 
405 415 426 437 449 299 308 318 327 337 

Electricity grid, 

tariff 
244 249 254 259 264 269 275 280 286 291 

Service & 

maintenance 
508 518 520 530 541 552 563 574 586 597 

Administration + 

tax 
61 62 63 65 66 67 69 70 71 73 

Insurance 
66 68 69 70 72 73 75 76 78 79 

Total cost / year 
1775 1393 977 543 81 -573 -943 -1337 -1755 -2199 

Production (MWh / 

year) 
12007 12007 12007 12007 12007 12007 12007 12007 12007 12007 

Real price 

increases electricity  

[%] 
1 1 1 1 1 1 1 1 1 1 

Electricity price 

(öre/ kWh) 
54 55 57 59 61 62 64 66 68 70 

Support system 

(öre/ kWh) 
30 31 32 32 33 0 0 0 0 0 

Total revenue / 

year 
10114 10380 10655 10936 11225 7483 7707 7938 8176 8422 

Profit / loss for the 

year no. 
8339 8987 9677 10393 11145 8055 8650 9275 9932 10621 

Total profit / loss 
63157 72144 81821 92215 103359 111414 120065 129340 139272 149893 

The remaining 

debt 
-45900 -56804 -68399 -80710 -93772 -103744 -114312 -125505 -137355 -149893 

* Prizes are given in 1000 Swedish crowns (kkr). 

** Total investment of option 02= 38350  kkr. 
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Figure 40. 

Sound Power Level of Option 02: 

The investigate about the sound power around the future design of WTP  areas show the noise 

will increase up to 5% based on the assumption of that increasing of the swept area will give the 

same result of the sound generated on model number E-126 (Figure 41) ,as per the Table 14 

below: 

 

Figure 41.  (Enercon, 2015) 
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Table 14. 

L (source) [dB] Swept Area [m2] Height [m] Distance [m] L (Receive) [dB] 

105,5 8012 135 100 61 

105,5 8012 135 200 58 

105,5 8012 135 300 55 

105,5 8012 135 400 53 

105,5 8012 135 500 51 

108,5 12518 202,5 100 61,3 

108,5 12518 202,5 200 59,3 

108,5 12518 202,5 300 57,1 

108,5 12518 202,5 400 55,2 

108,5 12518 202,5 500 53,6 

 

 

 

 

Figure 42.   Sound power level in wind speed 10 m/s. 
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Discussion  
Designers around the world always attempt to increase the Swept area to enable the maximum 

output possible and benefit greatly from the kinetic energy carried by the wind at a maximal 

value. This requires a strong structure based on complex engineering calculations to reinforce the 

capacity of blades in the bearing maximum power of which they can be exposed to in times of 

high wind velocity. ENERCON wind turbine plants will stop if the wind velocity reaches a 3-

minute average of 25 m/s or a 15-second average of 30 m/s (ENERCON, 2015 ). However, 

designers around the world overlook the importance of exploiting this powerful structure at 

middle and low wind speeds (10 meters per second and less) by adding an extra blade allowing it 

to extend and increase the swept area by 25%. Thus increase can give extra output up to 46% 

without any extra effort on the existing blades. Which will help bear two different forces type, 

the first is a big force to move the original blade length, and the second is a small/medium force 

move the extended blade length (+25%). Briefly, it is a smart use of every possible scenario. 

Either air flow at a maximum wind speed with the original size or lower wind speed with the 

additional blades with an extra increasing of the hub height, which the system will operate it on 

several levels as previously mentioned in this paper. To show the importance of increasing the 

swept area, on option 01 this idea was not applied, so the results showed clearly that increased 

the hub height without increasing the swept area had given the modest results if compared with 

the result of option 02. 

Regarding the use of Carbone Nanotubes (CNT), although this material will undoubtedly be a 

revolution in many industries in the future, its current price represents an economic challenge for 

a current large use in the field of turbines (despite a slight decrease in its price as stated before). 

The use of this material is not economically feasible now; meanwhile, a decline in its price or the 

emergence of an affordable material with the same characteristics is highly awaited for. 

Currently, using blades made of hybrid materials (without using the high air pressure 

technology) appears to be a good and practical alternative. 

On the other hand, studying the nature of the wind reveals that increase the height level above 

the surface of the earth give a regular increase of wind speed depending on different factors. 
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Therefore, designers always attempt to produce higher towers to increase the level of production 

to the maximum. While the structure design capability can carry/resistance a huge weight and 

different forces. Designers define most four important points to be taken into account while 

building a wind turbine farm: 

1- Vage The Average wind speed at hub height (m/s). 

2- V50 Extreme 50-year gust (m/s). 

3- I15 Characteristic turbulence class A. 

4- I15 Characteristic turbulence class B. 

Therefore, the structural design is capable of enduring harsh weather conditions with a wind 

speed up to 70 m/s. From this standpoint, we can Exploit this robust structural by adding a 

hydraulic lifting system able to increase the hub height up to 50% at times of medium and low 

wind speed depending on the different operational levels (level B, Level C). These ideas are 

surely beneficial as they can be used by future generations to ensure safe and effective solutions 

in order to increase the production of electric energy during low wind speed. 

Competitiveness  
These ideas are highly competitive because the major companies around the world Compete 

seriously to increasing the length of the blade to the maximum level for two reasons: 

- The increasing demand for clean energy as a part of a strategy to reduce carbon dioxide output 

to avoid large risks, and to expand the scope of renewable energy worldwide. 

- Higher economic outcomes can be achieved through generating electricity from wind as the 

total costs can be retrieved within several years of production, with a lifetime up to 20 years. 

Therefore, investors around the world are turning to invest more money in WTP because of its 

important and insured economic profitability, knowing that it is a free, sustainable and available 

energy. The ideas proposed in the present paper could be truly a step forward because they allow 
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simply to increase the blade length up to +25%. It is also constituted a smart, practical and secure 

solution to increasing electricity generation at low wind speed. These ideas are also very 

convenient in the regions belonging to Class II and Class III. However, may not be effective in 

those belonging to the wind class I regions because, according to calculations and analysis of 

feasibility in those regions, wind speed is sufficiently high and does not necessarily require the 

application of such ideas, in addition that it could give rise to higher risks. 

Environmental Aspects and Possible Negative Impacts  

The use of hydraulic machine results in residues of oil during the operational and maintenance 

periods, with a possibility of leaks, therefore, the utilization of these innovative ideas in offshore 

wind turbines has a potential environmental risk. Applying these ideas on land is considered to 

be more realistic. There is no need to stress the fact the safety of the environment and marine life 

is very important. Consequently, the world is developing all its expertise and capabilities in order 

to preserve the environment and marine life. 

On the other hand, during the operational Level C, when the wind speed decreases below 10 m/s, 

and the system of option 02 expands the length of the blades by 25% while increasing the hub 

height up to 50%. This Actions could affect migratory birds (on both options 01 & 02), and can 

also increase the noise level when operating the system on option 02. So compared to the 

original length of the blade during the operational periods in Level A and B. According to 

discretionary calculations, the noise level could rise to 4% within a distance of 500 meters from 

the WTP base on option 02 (Figure 42). It is important to avoid applying these ideas with option 

02 in residential areas or nature reserves and related noise sensitive areas. 
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Conclusion 
The new ideas developed in the present paper offer solutions to improve and increase the level of 

energy production during periods of low/medium wind speed, based on the different calculations 

of both the expected production and economic return rates of the operating options. Which 

option 02 meets more the aspirations and ambitions of this research because the result shows a 

significant increase in output and economic return rates (up to +46%). The applicability of these 

ideas in wind gusts areas Class II, Class III are suitable. So by applying these ideas contained in 

this research, the increase in the production rate, resulting in economic feasibility of option 02 

can be very noticeable, with some observations about some possible negative environmental 

impact throughout the various operational phases. 
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