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TRAINING PATHS 
 

 

The WTG selected is the DFIG type, later presented for being the most commont in the market. 

CONTENTS INCLUDED IN PATH #1 
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1.3. WIND ENERGY & WINDTURBINES 

1.3.1. Lesson 1: Wind farm development 
 

The aim of this lesson is to give the delegates the needed awareness of the different stages 
to develop a wind farm to know more in detail the technology characteristics as well as some 
specific aspects of the commissioning and construction which could later affect to the 
maintanenance taks:  
 
To successfully complete this Lesson, students shall be aware of:  
 
(1) Importance of an adequate metering of the wind resources.  

(2) Influence of the land and soil characteristics 

(3) Criteria to select the most appropriate WTG 

(4) Civil works and foundations characteristics  

(5) Principal activities for the transport and assembling of the WTG 

 
The following diagrams represent different phases for the development of a typical Wind 

Farm and it is similar in all countries around the world. The different phases below 
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represented and their span will be related to the specificities of each country and electrical 

systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                      Figure 1. Phases for the development of a Wind Farm 
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Figure 2. Wind farm design, construction, operation and maintenance 

 

There is little experience in dismantling a Wind Farm around the world, but some 

manufacturers are already including in the technical documents, the different phases to take 

the different components, especially now that it has been shown a clear trend for used Wind 

Turbine Generators. 

1.3.1.1. Wind farm design 

In the following sections the different phases to design a wind farm are subsequently 

presented. 

As we have already commented it is important to know the specifics of: 

¶ To meter the wind data through the installation of the met towers. 

¶ To identity the wind turbines, manufacturer, serial number of machines, technical 

specifications ... 

¶ To carry out the micro siting of the wind turbines. 

¶ To design the Internal networks of the Wind Farm, both MT network and internal 

paths, initially used for the assembling of the WTGs but later used for the 

maintenance goal. 

¶ To design the wind farm Substation, to increase the voltage from MT to HT to connect 

the wind farm to the public mains. 

For the identification of the wind turbines of wind farms, it is necessary: 

¶ Constitution of a record for each position. 

¶ The record of the position is the set of documentation on the position (The location 

where a wind turbine is installed). It consists of the following documents: 

V Wind in the position. 

V Documentation concerning civil works. That will include: 

- Land soil characteristics, 

- Build planes as electrical conduits and positioning grounding. 
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V Documentation of the wind turbine. What includes: 

- The traceability of all its components from the factory to the site. 

- The results of the startup. 

- Historical troubleshooting and replacement of parts and components. 

¶  This record is used to measure the profitability of the wind turbine, which is given by: 

V The actual wind since its implementation, comparison between the estimated 

and actual wind. 

V The quality of the wind turbine as a product, measured in terms of technical 

availability. 

¶  The maintenance is carried out of the wind turbine. This maintenance turn feeds the 

information contained in the record of the position: 

V In case of repetitive failures wind turbine traceability to find fault will look, 

checking the whole process from wind turbine manufacturing, assembly, 

installation and commissioning, to correct the initial cause that causes the 

problem. 

V A monthly report of the actions of maintenance is elaborated the energy 

production and estimates of work to be done in the future are included. This 

report is submitted to the responsible operating the Wind Farm, whether it is the 

company that owns the park or a third company. 

The importance of all these records lies in the subsequent maintenance can know which 

components are present in each wind turbine, which has been his previous behavior and 

predict future behavior through the trees called Fault components. 

Maintaining documentation File Position is important work to be carried out thoroughly. 

If the wind turbine, or one of its elements, or any component is replaced during the life of the 

position, the file must be updated with the relevant information concerning it replaced. 

If this position undergoes a change during the life of the wind turbine, the part of the record of 

the position regarding the wind turbine will compose the record of the new position. Updating 

all documentation relating to the assembly in the new position, but keeping the information 

relating to the previous assembly, it allows to the compare the changes which may have 

suffered the turbine. 
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1.3.1.2. Tasks for the design of the wind farm 

The Promotion of a Wind Farm begins selecting an area where it is detected that it may be 

enough wind to achieve profitability to build a wind farm. 

In the process of a wind farm development, it will be established: 

¶ Topography. 

¶ The access to the site, existing or to be constructed, their curves, bridges, urban 

areas to be crossed and kilometers to build. 

¶ The soil type site (clays, rocky, swampy) will determine the needs, size and 

configuration of the foundation, whether it should be normal, special to the ground or 

it needs piles also has their own characteristics depending on whether the area is 

wet, dry, etc.é 

Depending on the location, altitude, humidity, rainfall, the air will have higher or lower 

density, so this affects the energy, which is produced by wind turbine, but also to the load 

and mechanical stresses of the WTGs 

The working conditions and cooling affect therefore to the life of the wind turbine. 

The location and access tracks have a very direct effect to perform maintenance in every 

weather conditions (rain, snow, sandstorms, etc.). 

The distance to a village, where the maintenance workers can live, affects the profitability of 

the wind farm. With all this information, a construction project of a wind site is generated. 

1.3.1.3. Wind resource assessment: 

The wind resource is characterized by:  

¶ Speed: Average values, maximum, minimum and temporal variation. 

¶ Direction: Wind rose. 

¶ Roughness.  

¶ Air density.  

¶ Turbulence 

¶ Vertical share. 
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All wind farm project begins with estimation of the wind resource at the site for which you 

must perform a measurement campaign using anemometers and wind vane at different 

heights. 
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Figure 3. Procedure for calculating the anual energy production 
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The station is responsible for recording the time series data of wind speed and direction at 

different heights above the ground over a multiyear period in order to obtain seasonal and 

annual variation of the onsite wind. 

Meteorological tower: 

The meteorological  station consists of the following equipment: 

¶ Tower: It is a metal or concrete structure on which are installed at different heights 

anemometers and wind vanes. The height of the tower should be the turbine hub 

height and failing is recommended to be at least 2/3 of the hub height thereof. 

¶ Anemometers: Sensors that measure wind speed. Normally several anemometers 

are installed at various heights in order to record the profile of wind variation with 

height. 

¶ Weathervanes: Sensors that measure wind direction. Also it is installed more than 

one side to prevent data loss in case one of them fails. 

¶ Thermometer: To measure the temperature, and on the basis of this air density. 

¶ Barometer: To measure the pressure and on the basis of this air density. 

¶ Data Logger: An instrument that records and stores data, which have been collected 

by the sensors. 

¶ Other: Lightning rods, solar energy plate to feed the logger, cables, grounding, 

foundation, tower, etc ... 
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Figure 4.Met tower (Source: Gas Natural) 
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Figure 5. Sensors and components of a met station. (Source: AEE training course) 

 

A data logger is collecting all the data from the met tower which are saved internal and 

transferred to the developer using SMS or satellite communication. A typical screen of a data 

logger is presented in the following illustration. 
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Figure 6. Typical data logger screen (Source: Kintech Engineering) 

 

Some tips on the data collections. 

¶ It´s necessary to know the configuration of the tower: 

V Measurements of the  sensors, which will be in different height. 

V The distances of the arms where sensors are located, it is important to avoid 

interferences of the arms. 

V Point of location. 

¶ It´s necessary to know the durationt of the measurement campaign. 

¶ It´s advisable to visit the site of the tower to check the status of it and possible 

obstacles or vegetation that may be nearby. 

¶ Having the raw data directly recorded by the logger, filling possible gaps. 

¶ To have certificates of calibration of anemometers. If you have not entered the 

calibration values in the logger, it can be applied to the raw data rate parameters of 

the transfer function that appears in them. 
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¶ To apply to the corresponding vanes measuring deviation. Normally, the vanes are 

oriented to north so that the deviation is usually zero. If there are deviations, and 

these are not known, it  can be in a single tower with two different wind vanes rose 

where there are presented different wind roses, which case you must find out what is 

the weather vane that marks correctly and correct each other. 

The location of instruments must make so that the wind impinges directly on them, 

preventing them from being shielded by the tower mast or among themselves. Its localization 

should follow the IEC 61400-12. 

The length of the arms should be at least 7 times the diameter of the tubular or tower if 3,75 

times the side of the triangle if it is a lattice. If a sensor is placed on top of tower arm at least 

it should have a length greater than 1 m. 

The weathervanes should be oriented to geographic or magnetic north, taking into accounts 

the magnetic declination of the site. 

There also another procedure to evaluate the available wind resource: 

Sodar: The device emits a beam of sound waves, which bounce off the airstream and 

swerves; this deviant wave is collected by the detector system and software analyzes the 

deviations and deducts the wind characteristics (speed and direction). 

 

 

Figure 7. Sodar device (Source: AEE) 

 

Lidar: temporary delay of the light beam reflected by aerosols in the air  
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Figure 8. Lidar device (Source: AEE) 

 

Registered wind data: 

The time series data logging station is formed by average values of: 

¶ Average speed.  

¶ Standard deviation of the average speed. 

¶ Direction of wind. 

¶ Temperature and pressure. 

Data records have a frequency of 10 minutes. Each record consists of an average value of 

instantaneous data were taken every 1-5 seconds. 
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Chart 1. Registered wind data 

 

There must be a regular monitoring of the measures contained in the instruments well 

capturing data remotely via GSM to study centres through the data logger already 

mentioned. 

This analysis is based to prove that obtained data are consistent: the wind logical profile, lack 

of voids due to malfunction or breakdown in logger instruments, weathervanes with similar 

values, etc... 

The tower must be kept under constant review so that in case of failure it can be resolved as 

soon as it will be possible. 

The wind rose report of the directional distribution of wind frequency, speed and power, and 

it is critical in the wind farm layout. 

The wind rose of frequency represents the percentage of time that the wind blows in a 

certain direction. The wind rose of speed and power represent the velocity and energy with 

the wind blowing in each spatial direction. 
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Figure 9. Wind rose (Source: AEE) 

 

 

Figure 10. Wind frequency rose (Source: AEE) 

 

The data time series of wind will be obtained at the site for at least a period of one year a 

descriptive and a statistical analysis is done. The analysis consists of to quantify the main 

parameters of wind resource. 
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Chart 2. Wind energy analysis 

To obtain the wind energy rose from the wind frecuency roses it is necessary to take account 

the wind speed in each sector that it has to be elevated to the cubic to evaluate the actual 

energy to be produced in that sector.The densist of power (w/m2) give an approximate 

overview of each sector with the approach of considering the sector as Rayleigh distribution 

that it is a Weibull with the factor coeficient k=2. 
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Figure 11. Wind energy rose 

 

The first important task is to verify the quality of the recorded data in order to detect possible 

time intervals of anomalous data. The verification of data quality or cleaning can be done as 

following: 

¶ The visual inspection made by graphical representations of trends. 

¶ The statistical methods consisting of applying filters to the data to detect anomalies 

such as extreme speed work and standard deviation of speed. 

In the following figures can be observed some mistakes in the direction data, probably due to 

ice formation or dust in the van device. Normally the person who treats the information 

should fill this gap of information with his best criteria. 
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Figure 12. Mistakes in the wind direction data 

 

Descriptive statistical analysis of the wind data. 

With this analysis, the next values are obtained: Mean values, maximum, predominant 

directions, probability distribution frequency speed and direction (wind roses), duration curve 

(cumulative distribution function), directional distribution of available energy, turbulence and 

their graphical representations.  

¶ Probability that wind speeds exist between two limits of interest. 

¶ The average wind speed is obtained from the Weibull distribution. 

¶ The standard deviation of the Weibull distribution. 

¶ Turbulence. 
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Figure 13. Typical Weibull curve for a specific site (Source:AEE) 

 

It is also imporant to calculate the wind intensity turbulence as the standard deviation of the 

wind speed with data collected every 10 min. This turbulence will be used to select the type 

of the WTG for a specific site. 

 

Figure 14. Average turbulence instensity at 40 meters high 

 

With the wind data collected will be also necessary to calculate the dayly and the monthly 

profiles such as are represented in the following figures. 
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Figure 15. Average daily profile 

 

 

Figure 16. Average monthly profile 

 

For the study of the wind, include: 

¶ To process of the weather station data. 

¶ Calibration of weather stations. 

¶ Evaluation of the local air density. 

¶ Modelling of wind. 
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¶ Modelling from measurements of the reference period of the wind. 

¶ Assessments of productions. 

The wind rises with the height such as it can be shown in the following figure: 

 

 

Figure 17. Vertical wind variation with the height 

 

1.3.1.4. Wind conditions evaluation in a specific site 

The analytical speed distribution to characterise a specific site is the Weibull distribution, 

which is the function of probability density, which is the most used to represent the frequency 

distribution of wind  

¶ p(v):  Statistical probability that a given probability happens.  

¶ C: Scaling factor (speed units). 

¶ K: the form factor. 
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Figure 18. Speed frequency distribution and Weibull curve 

 

The bar graph of each speed interval represents the frequency (number of hours of wind in 

the bounded range) and the curve is an Weibull approach. 

In the following figure it can be observed different Weibull curves with different form factors, 

is clear that higher ks mean better wind conditions because there is a higher probability 

concentration in certain values of the wind speed which are normally the site average wind 

speed.  






























































































