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1 Introduction  

 

1.1 Learning objectives of the course  

 

Upon completion of this course, you will be able to: 

• distinguish the different applications of wind turbines and name the turbine components and 

• identify economic and environmental aspects of wind power. 

 

1.2 Introduction to the course  

 

Currently, wind turbines have an enormous potential to replace conventional power generation 

technologies and reduce worldwide the CO2 emissions. This technology is developing very quickly and 

in a more efficient manner, leading to more electrical energy generation.   

In this course, a brief overview of large- and small-scale as well as offshore wind turbines will be given. 

Components of a wind turbine such as the tower, nacelle, rotor blades and the generator will be 

explained and wind power curves will be discussed. 

The investment and operation costs described are taken into account when the contracts for the 

operator and wind turbine manufacturer are drawn up. The levelized cost of electricity is likewise 

analysed with help of case studies. 

Lastly, we will take a look at the environmental effects that wind turbines produce.  

Noise emission, shadow and the impacts of wind turbines on landscapes will be discussed in this 

section. 
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2 Wind power applications  

 

2.1 Large-scale wind turbines 

 

Learning objective: Upon completion of this page, you should be able to 

• describe different characteristics of large-scale wind turbines. 

The scale of a wind turbine can be defined as the swept rotor area or the rated power of the wind 

turbine. For large-scale wind turbines the rated power usually is larger than 75 kW.  

Nowadays large-scale wind turbines that are installed onshore have a rated power of 3 to 9.5 MW. The 

hub can reach a height of 178 m while the rotor could have a diameter of 137 m1. Offshore wind 

turbines are even bigger than onshore wind turbines. GE is testing currently a 12 MW offshore wind 

turbine with a rotor diameter of 220 square meters2.  

 

Development of wind turbine size over the years  

 
1 Max Bögl Wind AG 2017, Gaildorf pioneers electricity storage  

2 GE Renewable Energy – Haliade X 

Small-scale
wind 

turbines

2008 - Enercon
Blade length: 60 m
Hub height: 135 m

2012 - Siemens
Blade length: 75 m

Hub height: site
specific

2013 - Vestas
Blade length: 80 m

Hub height: 105 – 166 
m

2019 - GE
Blade length: 107 m
Offshore prototype
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2.2 Small-scale wind turbines  

 

Learning objective: Upon completion of this page, you should be able to 

• describe different characteristics of small-scale wind turbines. 

According to the International Electrotechnical Commission (IEC), small scale wind turbines have a 

rotor swept area of maximum 200 square meters, and a rated power output of 50-75kW.  The 

generated voltage stays below 1000 V at alternating current or 1500 V at direct current. Small-scale DC 

wind turbines can be connected to the grid with the help of an DC/AC inverter or operate off-grid with 

the possibility to connect to the system a storage unit or/and other energy resources for example a 

diesel generator. 

 

Configuration of grid- connected DC small wind turbines and off-grid system with diesel genset 

Small-Scale AC wind turbines can be connected to the grid with the help of AC/AC converter. The 

purpose of the AC/AC converter is to improve the power quality and frequency of the generated 

electricity so that wind speed fluctuations do not have a negative impact on the power quality. 

Off-grid systems can provide enough energy to supply several applications e.g. schools, hospitals, 

hotels, street lighting and water pumping. Grid connected small-scale wind turbine systems can reduce 

the utility bill with net metering.  
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2.3 Offshore wind turbines  

 

Learning objective: Upon completion of this page, you should be able to 

• state the properties of an offshore wind turbine. 

Although offshore wind turbines were already developed back in the 70’s, commercial offshore wind 

turbines were first commissioned first in 2000. Since then, this technology has been continuously 

developed for technical and practical reasons. One advantage of this technology is that the wind 

resource is higher at the coast and the roughness length z0 is significantly smaller than at land. Another 

aspect that supports the development of offshore wind technology is that wind projects usually occupy 

a large area which often conflicts with high density population regions. 

On the other hand, planning and maintaining offshore wind turbines is difficult due to the challenges 

the sea presents. Waves and sea flow make it difficult to design supporting structures as the depth of 

water tends to be deeper than 30 m. With long blades, heavier electrical machinery and robust towers, 

the logistics of installation and maintenance of such machines are also challenging.  

  

 

View from the Bornholm ferry to the Arkona offshore wind farm3 

Europe is leader in worldwide offshore wind exploitation. Outside of Europe, large offshore wind 

projects have been developed in China, Japan, South Korea and the U.S. 

The websites 4C offshore and Offshore Windindustry contain global maps with information about 

offshore wind farms.   

 
3 Creative-Commons-Lizenz: Ein Dahmer 

https://www.4coffshore.com/
http://www.offshore-windindustry.com/
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3 Introduction of wind turbine components 

 

3.1 Range of designs  

 

Learning objective: Upon completion of this page, you should be able to 

• name different wind turbine designs. 

 

Wind turbines can be constructed to withstand strong storms, operate under arctic or tropical weather 

conditions, and in the sea off coasts or in deserts. A wide range of different designs exists for different 

purposes and environments. There are vertical axis and horizontal axis machines. The number of 

blades can range from one single rotor blade up to about 20 rotor blades. Power output ranges from 

a few watts up to several megawatts. Some turbines have gearboxes and some do not. Most machines 

possess AC generators but some use DC generators instead. Some are upwind and some are downwind 

machines (see figure). However, the most common and successful design is the three-blade horizontal 

upwind turbine. Such a wind turbine consists of a foundation onto which the tower is erected. The 

rotor hub including the nacelle is positioned at the top of the tower.  Three rotor blades are attached 

to the nacelle (see figure).  

 

Components of a wind turbine (Source: RENAC) 

Upwind turbines are turbines in which the rotor blades face the wind. Downwind turbines are turbines 

in which the nacelle faces the wind. Downwind turbines position themselves to face the wind 

automatically. The downwind design is technically simpler, because a yawing system is not required; 

the downwind design is sometimes used for small wind turbines. 
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Upwind and downwind wind turbines (Source: RENAC) 

 

3.2 Towers 

 

Learning objectives: Upon completion of this page, you should be able to 

• name different types of towers.  

The tower supports the rotor and the nacelle of the wind turbine. Different tower configurations exist 

depending on the conditions of the site, mass of nacelle, logistics involved during the construction, and 

costs. Some small wind towers have guys anchored to the ground while large wind turbines vary 

between tubular steel towers, lattice, concrete or wooden towers. There are also hybrid tower 

configurations in which around 2/3 of the tower is made out of concrete and 1/3 is made out of steel.  

Usually, a higher tower is beneficial for the rotor as wind speeds increase with height above the 

ground, this is particularly desirable when the site has a high roughness length. Higher towers lead to 

a larger energy yield, but investment costs can also rise correspondingly. An optimum between energy 

yield and tower investment costs has to be found during the planning phase. 
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Tower construction (Data source: © Stefan Dürr, Steil-Kranarbeiten) 

The figure “Segment configuration for a tower of 100 m height” shows the assembly of a 3-segment 

tower configuration. This configuration is selected due to the ease of transportation of the 

prefabricated segments. 

 

Segment configuration for a tower of 100 m height (Source: RENAC) 

The lower part of a hybrid tower consists of reinforced concrete while the upper part is constructed 

from steel. They are mainly used for towers of large-scale wind turbines. 
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3.3 Nacelle 

 

Learning objective: Upon completion of this page, you should be able to 

• state the function of the nacelle.  
 

The mechanical drive train, electrical generator, brakes, gearbox and yawing system are enclosed in 

the nacelle.  The design of this component depends on the arrangement of the drivetrain and the rotor 

bearing. Some wind turbines do not have an enclosed nacelle but for large and modern turbines the 

nacelle is always enclosed for practical reasons.  

Each component enclosed in the nacelle has a specific application. The gearbox increases the rotational 

speed of the main shaft but is a component that not all wind turbines have. The inclusion of a gearbox 

is dependent on the type of generator that is used.  

 

 Nacelle installation (Data source: © Stefan Dürr, Steil-Kranarbeiten) 

 

3.4 Rotor blades 

 

Learning objective: Upon completion of this page, you should be able to 

• explain why a rotor blade moves in the wind. 

 

Wind turbine rotor blades extract energy from the wind. They convert the wind’s kinetic energy into 

the rotation of the hub. The hub is the centre of the rotor to which the rotor blades are attached. It is 

made from cast iron or cast steel. The hub directs the energy from the rotor blades via the main shaft 

to the generator. If the wind turbine has a gearbox, the hub is connected to the slowly rotating gearbox 

shaft. If the turbine is direct drive (no gears), the hub is connected directly to the ring generator. 
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Most manufacturers have their own rotor blade concepts and conduct research on innovative designs. 

There are many design variations and these can be quite different from one another.  

Wind turbine rotor blades utilize the same "lift" principle that airplane or bird wings use. Because of 

the shape of the wing, the stream of air below the wing is slower than the stream of air above the wing 

(see figure). This leads to an air pressure difference.  

The air pressure above the wing is lower than the air pressure below the wing. This pressure difference 

causes the wing to lift (lift effect). In a wind turbine it causes the rotor to rotate.  

 

Lift force on a rotor blade caused by pressure difference (red = air moving around the upper side of 
the rotor blade, blue = air moving around the downside; a pressure difference occurs because the red 

trajectory is longer than the blue trajectory and the air is laminar (without turbulence) (Source: 
RENAC) 

 

In addition to the currently popular three-blade rotor, two-blade rotors are also used. Wind machines 

with 20 to 30 metal blades were once widely used to pump water (and still are in some regions). 

Over the course of time, experience has shown that the three-blade rotor is the most efficient design 

for power generation by large wind turbines. The three rotor blades allow for a better distribution of 

air mass, which makes for smoother rotation and also provides for a “calmer“ appearance. Rotor 

diameters of very large wind turbines can reach more than 150 metres, and even larger machines are 

currently under development.  

Rotor blades are mainly constructed from layers of synthetic material reinforced with fiberglass, 

carbon fibres, wood and metal (for lightning protection, etc.), with the layers usually glued together 

with epoxy resin. The metal strings in synthetic rotor blades are used for lightning protection. 

Aluminium and steel alloys are generally only used for very small wind turbines, because they are 

heavier and suffer from material fatigue.4 So-called “smart” rotor blades that can change their shape 

are under development, for example, by using flaps on the trailing edge of the rotor blade. 

 

 

 

 
4 World Wind Energy Association, 2011. 
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3.5 Generators 

 

Learning objective: Upon completion of this page, you should be able to 

• define the main function of a generator.  

In principle, any type of generator can be connected to the rotor to convert mechanical energy into 

electrical energy. Wind turbine generators are divided into two groups: fixed and variable speed 

generators. The figure below shows the different generator types.  

The conversion of mechanical energy into electricity occurs in the generator. The main difference 

between a wind turbine generator and a conventional generator in a steam-driven power station is 

that it has to work with fluctuating torque. To reduce the mechanical stress on the drive train and 

blades the best way to operate a generator is at variable speed. By operating in this manner, the torque 

and aerodynamic efficiency of both systems is improved.  

 

Wind turbine generator types (Source: RENAC) 

Fixed speed generators are simple, cheap and robust. However, they possess limited power quality 

control and cannot control the reactive power of the electrical grid. On the other hand, variable speed 

generators can increase the energy output, reduce the mechanical stress and improve the power 

quality. However, such a configuration incurs high costs and the components needed are complex. 

 

3.6 Wind turbine power curves  

 

Learning objective: Upon completion of this page, you should be able to 

• explain a wind turbine power curve.   

Wind turbine generators

Fixed speed

TYPE 1

Induction generator

TYPE 2

Induction generator
with variable rotor

resistance

TYPE 3

Double fed induction
generator (DFIG)

TYPE 4

Generator with fully
rated converter (FRC)

Variable speed

Limited variable 
speed
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The power curve of a wind turbine is very important for the first planning steps of a wind farm. With 

the correct design of the machine and analysis of the wind resource, the wind turbines to be installed 

in a specific site can be very efficient. 

The power curves give information about the power output of the rotor (left axis) and power 

coefficient cp (right axis) in relation to the wind speed as seen in the figure “Power curve“.  

 

 

Power curve 

In this example, the following data can be read from the power curve:  

Rated power 4200kW 

Cut in wind speed 3 m/s 

Cut out wind speed 25 m/s 

Nominal wind speed 12 m/s 

Optimal wind speed >13 m/s 

Maximum cp 0.47 

 

The rated power is the maximum power output of the rotor. From about ca. 10 m/s the mechanism of 

pitching activates and regulates the power output. The cut in and cut out wind speeds vary depending 

the model of the wind turbine- some models have even 35 m/s as a cut out wind speed. The power 

coefficient at a wind speed of 6 m/s reaches its maximum value and at this point the conversion of 

kinetic energy of the wind into mechanical energy of the rotor its very effective although the wind 

turbine does not generate the maximum power output.  

 

 

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

0

500

1000

1500

2000

2500

3000

3500

4000

4500

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

P
o

w
er

 c
o

ef
fc

ie
n

t 
 c

p
[-

]

P
o

w
er

 P
 [

kW
]

Wind speed v [m/s]



 
 
 

Wind power - Application                                                                                                                               Page 13 of 22 
                                                                                                                                                                                                                                03/09/2019 

4 Economical aspects 

 

4.1 Investment costs (CAPEX)  

 

Learning objective: Upon completion of this page, you should be able to  

• name benchmark data for wind turbine investment costs. 

According to IRENA, multi-megawatt wind turbines installed onshore have a total investment cost of 

around 1,200 to 2,250 USD/kW. Wind turbines, including the costs associated with blades, towers, 

transportation and installation, constitute the largest cost component of a wind project, typically 

accounting for 60-75 % or more of its overall initial investment. Investment costs for offshore wind 

turbines are in the range of 2,500 to 5,400 USD/kW (see table). 

The cost of acquiring a turbine site (on land) varies significantly between projects. If land rights are 

secured via long-term leases, the costs are budgeted as operating costs for the wind farm and do not 

enter the investment cost outline. The peripheral costs of wind turbine installations include notably: 

• Foundations. 

• Construction of roads and hardstands. 

• Underground cabling within the wind farm. 

• Low to medium voltage transformers. 

• Medium to high voltage substation (sometimes). 

• Transport, craning. 

• Assembly and commissioning tests. 

• Administrative, legal and financing costs (including interest during construction). 

• Project development costs. 

 

Wind farm capital expenditure (CAPEX) Share of CAPEX   Onshore wind (average) 

(in USD / MWi) from… till… from… till… 

Wind turbine 64% 84% $768.000 $1.890.000 
Grid connection 9% 14% $108.000 $315.000 
Construction 4% 10% $48.000 $225.000 
Other CAPEX items 4% 10% $48.000 $225.000 

Total CAPEX cost / MWi     $1.200.000 $2.250.000 

         

Wind farm capital expenditure (CAPEX) Share of CAPEX   Offshore wind (average) 

(in USD / MWi) from… till… from… till… 

Wind turbine 30% 50% $750.000 $2.700.000 
Grid connection 15% 30% $375.000 $1.620.000 
Construction 15% 25% $375.000 $1.350.000 
Other CAPEX items 8% 30% $200.000 $1.620.000 

Total CAPEX cost / MWi     $2.500.000 $5.400.000 



 
 
 

Wind power - Application                                                                                                                               Page 14 of 22 
                                                                                                                                                                                                                                03/09/2019 

Range of investment costs for onshore and offshore wind turbines. (Data source: IRENA (2018), pp. 

34; 51 and IRENA (2012), p. 19) 

 

 
 

Overview of the different investment cost components (the numbers give the percentage of the total 

investment costs and are estimates based on information in Hau 2008: chap. 19, and Wizelius 2009: 

chap. 18). 

 

4.2 Operational costs (OPEX) 

 

Learning objective: Upon completion of this page, you should be able to 

• name benchmark data for wind turbine operational costs. 

Wind farm operators have to negotiate an operation and maintenance (O&M) agreement and a 

technical management agreement to ensure all necessary technical services, like plant operation, 

maintenance, inspection, overhaul and repair.  

O&M is usually provided under a long-term full service contract with the turbine manufacturer and 

includes guarantees regarding technical availability, the power curve, maximum noise emission levels 

and long-term supply with strategic spares. Such costs are often tied to the wind farm production and 

charged on a variable cost-per-MWh basis. Alternatively, the costs can be contracted as a fixed amount 

per turbine per annum or they can be agreed upon as a combination of variable cost-per-MWh and a 

fixed minimum payment amount. The costs depend on the selected turbine type size and amount to 

approximately 12 % (for gearless) and 15 % (for gearbox turbines) of total revenues over 20 years 

(calculated as: sum of all O&M cost over 20 years divided by sum of all electricity revenues over 20 

years). The annual costs vary over the project lifetime and increase with the age of the turbine: in the 
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first decade of the turbine’s lifetime, O&M and repair cost are lower, while in the following decade, 

they can increase to levels of 30 % or more of annual electricity revenues. 

When they are in effect, full service contracts cover all replacement costs (including heavy 

maintenance) and keep the risk of a maintenance cost overrun away from the wind farm project 

company. In addition, the project company enters into a technical management contract under which 

the service provider operates the plant, monitors the O&M provider, invoices the electricity purchaser 

and deals with insurance claims on behalf of the project company. Such contracts cost roughly 1.5-2.5 

% of total revenues p.a. 

Some wind farm owners do not wish to enter into long-term O&M contracts, which they perceive as 

too costly. Their philosophy is to save a certain amount of the annual cash flow on a maintenance 

reserve account and to buy repair services and spare parts from the saved amounts. The disadvantage 

of this approach is that the turbines do not benefit from extensive manufacturer warranties (especially 

from guaranteed levels of technical turbine availability). Banks often regard wind farm projects without 

long-term full-service agreements as substantially riskier than others and require additional risk 

mitigation techniques (such as, e.g. lower debt amounts, additional reserve account amounts, own 

O&M capacities of the project sponsor(s), etc.). 

Overall onshore wind O&M costs are in the range of 3-15 USD/MWh (offshore wind is 2 to 3 times 

higher). Here is a cost model example of a wind turbine manufacturer for a full maintenance contract 

with differentiated fees for a new 4.2 MW onshore wind turbine, depending on turbine age: 

• Operation year 1 to 2:  2.9 USD/MWh, at least 33,500 USD 

• Operation year 3 to 20: 5.4 USD/MWh, at least 61,500 USD 

Here is an example for an onshore wind project with one Senvion 3.4M with an installed capacity of 

3.4 MW and 130 m hub height: 

• 10,680 MWh/a energy generation 

• 8.58 USD/MWh O&M fee from operational year 3, total 91,634 USD/a 

 

Operation and maintenance crane works (Data source: © Stefan Dürr, Steil-Kranarbeiten) 



 
 
 

Wind power - Application                                                                                                                               Page 16 of 22 
                                                                                                                                                                                                                                03/09/2019 

 

Service and maintenance crane (Data source: © Stefan Dürr, Steil-Kranarbeiten) 

 

4.3 Levelized cost of energy (LCOE) 

 

Learning objectives: Upon completion of this page, you should be able to 

• name benchmark data for wind turbine levelized costs of energy and  

• explain which parameters have a strong influence on the LCOE. 

An IRENA study on RE power generation costs5 shows that over the period from 1983 to 2018, the 

global weighted-average LCOE for onshore wind projects decreased by 82 percent, while at the same 

time, the cumulative installed capacity increased to 540 GW. Onshore wind projects put into operation 

in 2018 had a global weighted-average LCOE of USD 0.056/kWh, whereas the cost of electricity from 

onshore wind energy has now reached the lower end of the cost range for fossil fuels.   

As shown in the figure, reductions in overall installation costs as well as improvements in the average 

capacity factor represent the main drivers for a lowered LCOE for onshore wind in 2018. There has 

been a year-on-year decline of 6 percent in the global weighted-average total installed cost of onshore 

wind farms which was mainly supported by reduced prices for wind turbines. Factors conducive for a 

decreasing LCOE are manifold and include continuously improving turbine design and manufacturing; 

supply chains that have become more competitive on a global scale; and a growing range of turbines 

designed to minimize the LCOE while being capable of operating under different conditions. Over the 

past few years, the number of projects with a LCOE of USD 0.03 to USD 0.04 per kWh has been 

increasing. The combination of competitive installation costs and locations with excellent wind 

resources make such LCOEs possible and represent in some markets a growing proportion of newly 

commissioned projects. These projects are even significantly cheaper than the cheapest options for 

generating electricity from fossil fuels.  In any case, it must be assumed for all wind farms that the cost 

of a project and the resulting LCOE are site-specific and differ from project to project. 

 
5 IRENA (2019), pp 18-21 
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The IRENA study provides interesting results for the economic project value, although these results are 

not necessarily transferable to other markets in other countries that have different institutional 

framework conditions. It can however be assumed for all wind farms, independent of the country in 

which they are located at, differ in the cost of the project and resulting LCOE as these are site-specific 

and differ from project to project.  

 

Global weighted average total installed costs, capacity factors and LCOE for onshore wind, 2010-2018 

(Data source: IRENA, 2019) 

RENAC developed an EXCEL spreadsheet to help course participants to understand the principles of 

LCOE calculation. Fields in yellow are editable – please do not edit the green or orange fields, as they 

contain formulas. Input parameters are: wind turbine size, specific costs, CAPEX per wind turbine, 

annual yield calculation, availability (due to technical non-availability of turbines); specific annual yield 

per turbine, number of turbines in the wind farm, project duration, equity, debt, cost of equity, debt 

interest, operational costs, additional replacement. 



 
 
 

Wind power - Application                                                                                                                               Page 18 of 22 
                                                                                                                                                                                                                                03/09/2019 

 

Screenshot of the Excel – LCOE Spreadsheet (Source: RENAC) 
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5 Environmental aspects of wind power  

 

5.1 Noise 

 

Learning objective: Upon completion of this page, you should be able to 

• state the impacts of noise that wind turbines generate. 

When the rotor of a wind turbine is operating, it generates sound. The noise emission depends on 

various factors like the implementation site, size of the rotor and of course, the wind conditions. To 

avoid high impact of noise emissions, the design of the turbine needs a sensible analysis to avoid 

perturbation of populated areas that are near the machine.  

To understand better the concept of noise emission, sound power level is the rate at which sound 

energy is emitted while sound pressure level describes the local pressure deviation from the ambient 

caused by a sound wave. The main problem is that the sound pressure level is relative, i.e. there isn’t 

a concrete scale of annoyance associated with wind turbine noise emission.  The scale of sound 

pressure level (table seen below) is the model to be compared.  

 

Sound pressure level scale (Source: RENAC) 

At low wind speed the sound power level that wind turbines produce normally are lower than ambient 

noise, i.e. it blends with the noise that is already there caused by the environment. The sound pressure 

level produced by the moving rotor is going to increase with an increasing wind speed, about 2.5 dB(A) 

per 1 m/s. These values can vary depending on the location and obstacles that are present on the site 

where the wind turbine is operating6. As an example, the diagram below presents the noise emission 

of a TW 600 according to the distance of emission.  

 
6 Erich Hau: Wind Turbines 
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Sound pressure level emitted of a TW 600 wind turbine7(Data source: Erich Hau: Wind Turbines) 

 

5.2 Shadow 

 

Learning objective: Upon completion of this page, you should be able to  

• name the main reasons that causes shadow.  

When the sun is shining, wind turbines produce shadows- very much like tall buildings. The main 

difference here is that the shadow that wind turbines generate is not static, i.e. while the rotor is 

moving the shadow also flickers. This phenomenon caused by the blades can be disturbing if the 

distance between the machine and populated areas are not adequate. 

 

 

Shadow emission of a wind turbine (Source: RENAC) 

To prevent this “flickering” effect, it is necessary to analyse the shadow in relation to the motion of 

the sun. The parameters to be taken into account to avoid the shadow are height, rotor diameter and 

angle of direction referred to the emission point.  

 
7 Erich Hau: Wind Turbines 
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5.3 Landscape and nature 

 

Learning objective: Upon completion of this page, you should be able to 

• state the aspects that have to be consider for the use of land.  

The space that a wind turbine needs is vast. In addition to the space needed for its functioning, 

further room needs to be considered for crane works, installation procedures and grid connection. 

Additionally, the space between turbines needs to be optimized to decrease the effect that the 

slipstream of one turbine has on adjacent ones. 

 

Wind turbines installed at the coast (Data source: © Debora, Philippines, 2016) 

Apart from the technical aspects regarding land use, it has to be ensured that villages near the wind 

farm have two sectors with a 60° horizontal angle view without wind turbines. The figure “Possible 

configuration of 360° angle view of a village with wind turbine farms” explains the concept.  

 

Possible configuration of 360° angle view of a village with wind turbine farms (Source: RENAC) 

 

Regarding the aspect of nature, studies show that birds recognize the wind turbine and fly around it. 

Some migratory birds do not recognize the rotor and can be harmed. However, large flocks of 

migratory birds tend to fly at a higher altitude than the wind turbine.  
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6 Summary  

6.1 Summary 

 

In this course we learnt about the main characteristics of small-scale, large onshore and offshore wind 

turbines.  The system of the tower assembly, which components are enclosed in the nacelle, the 

aerodynamics work principle of blades as well as the main characteristics of the generator were 

presented. Each of these components has a different purpose depending on various factors.  

Based on studies by IRENA, the economic aspects of the investment, operational costs and the 

levelized cost of energy were discussed.  

When planning a wind farm, considering environmental factors such as sound emission and shadow 

are vital to avoid disturbing nearby towns. In addition, the standards and norms about land use have 

to be considered when designing the layout of the wind farm. Studies of birds and wildlife have to be 

undertaken to prevent harming the ecological systems surrounding the wind farm. 

 

 

6.2 Further reading 

 

Erich Hau; Wind Turbines; Fundamentals, Technologies, Application, Economics; ISBN 13-978-3-540-

24240-6; Springer publisher  

This book contains material from windmills and wind wheels to the complex design of all components 
of a modern wind turbine. 
 

Sathyajith Mathew; Wind Energy; Fundamentals, Resource Analysis and Economics; ISBN 978-3-540-

30905-5; Springer publisher 

In this book are different aspects of wind turbines explained including resource and economic analysis. 

 

Robert Gasch, Jochen Twele; Wind power plants; ISBN 364-2-229-387; Springer publisher; 2011 

Topics like the aerodynamic principle and blade element moment theory are elaborately explained in 

this book published by the German authors. 

 

 

 


