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Abstract: We know that to growing population in India this 
time to use the renewable source to generate the electricity and 
most of the government and private companies do this very 
confident way. We know that the main renewable energy sources 
in our word is sun and wind with the help of sun and wind most 
of the company are situated the plant at that places where the 
efficiency and generation of electricity is more and more 
accuracy and fulfill the requirement of the electricity demand. 
Where this is depending upon the mostly to the renewable energy 
there to connect this farm to the grid system the power electronics 
devices play a very important role. We can say that yes wind 
energy and solar energy is the future management which is fulfill 
the requirement of the electricity generation demand. In this 
paper we discuss the different type of power electronics devices 
which is used in wind power generation system. In this paper we 
also discuss about some type of challenged which is coming when 
these farms connected to the grid. 

Keyword: Wind Turbine Technology, Power Electronics, 
Grid Challenges In Wind, Flywheel, Smes. 

I. INTRODUCTION 

As we know that the increasing the renewable energy 
sources and distributed also it require that some new 
technology is coming in to the picture which is good for 
implemented the wind energy in to the grid system. For 
more integrated with the electrical grid to renewable energy 
the new modern power electronics play a very important 
role also it helps to improve the reliability. In last few year it 
saw that the new modern power electronics is very 
successful to connected with the electrical grid and yes 
under this the electrical grid is fast evolution due to two 
factor 1. Semiconductor switches and 2. Real time computer 
control. The semiconductor switch is useful the handling the 
high power and 2 one is good for control the complex 
power. Some time the MPPT is coming also in to the 
picture. And this technology is good for cost effectiveness 
and for converter. 

In this paper we discuss about the all type of modern 
power electronics device use to connected the wind energy 
system in to the electrical grid.  
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This paper divided in the different section where we 
discuss the wind turbine technology, current wind turbine 
technology, grid connected standards for wind farm, grid 
coordinate rule, impact of grid, challenges of wind 
integration. 

II. WIND TURBINE TECHNOLOGY 

Variable Speed Wind Turbine: - 

In last 15-year wind energy system designed by the 
aerodynamic, power electronics devices and mechanical 
drive train and that’s why it growing percentage gone to 

approximate 30 %. A new technology is introduced in the 
wind energy profile system that is variable speed wind 
turbine system in this system that is depend upon the speed 
of wind and its roughness factor which is captured from the 
wind. 5% of energy is captured by this technology in the 
annual. It has less mechanical, and less fluctuation because 
the rotor of turbine work as a flywheel and for this reason 
the active and phantom power generation is easily 
controlled. When the reactive power varied in variable wind 
speed then the grid voltage to be controller easily. The main 
disadvantage of this turbine that it collects the more 
component to work properly. The overall cost of this type of 
turbine is 7% of the total cost of wind turbine. Wind 
generation system process is different from the normal 
electricity generation system, most of the case electricity 
generation system is use the synchronous generator and this 
difference is shown when this connected to the integration 
with the electrical power system. this type of wind turbine is 
specially designed to operate a wide range of wind system. it 
directly connected to the fixed speed of the wind turbine 
where rotor speed is almost constant. It depends upon the tip 
speed ration.  

Current Wind Speed Technology: - 

Where the variable wind speed turbine can be achieved 
the decoupling of electrical grid frequency and mechanical 
rotor frequency system there the power electronics devices 
like converters which is combined with the advanced control 
system. 

Variable Speed Concept with Doubly Fed Induction 
Generator: - 

With DFIG, it converts the rotor winding, while the 
stator winding is directly connected to the grid. In this speed 
concept it decouples the mechanical frequency and electrical 
frequencies and also vary with the rotor frequency.  
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The advantage of this turbine is that it cannot operate 
with the zero means full range of the rated speed. It works 
on the principle of the ratio between the size of the converter 
and the wind turbine rating is half of the rotor speed. As it 
works on the power converter system it is similar to the 
reactive power. In fig we saw that the converter consists of 
the two three phase ac-dc converter and dc battery.  Also, it 
consists the reversible current switch arm and it operating 
this in opening and closing in same time. Mostly it consists 
the IGBT switch and diode also. for connected to the 
inverter to the grid it uses the passive filter. In this 
technology where the efficiency of the system decreases 
when the slip increase.  

 

 
Fig:1. Single doubly fed induction machine with two 

fully controlled ac–dc power converters. 
 

 
Fig:2. Single doubly fed induction machine controlled 

with slip power dissipation in an internal resistor. 

Variable Speed Concept Utilizing The Full Power 
Converter: - 

The majority of this concept is this that this is consists 
the no. of synchronous generator system, also some time it 
uses the induction generator in different case. In this case 
the generators are decouple from the grid. first the energy is 
rectified by the power electronics device into the dc link 
then this is converted to the ac energy for the grid. For 
removing the gear box in to the turbine most of the 
advantage are seeing as like it reduce losses, and low cost. 
For elimination of the component the reliability of the 
system has been increased. In fig the full power converter 
shows. The three-phase controller work as a drive controller 
in a machine side for using the vector controlling strategy. 
Also, the three-phase converter are used for the converting 

the energy to the grid side and also control the active and 
reactive power which is delivered to the grid side. This 
converter is also used for improving the power quality at the 
grid side and yes it keeps some amount of THD. It 
connected with the dc link which is stored the energy in 
capacitor in form of charge and delivered to the grid. As 
alternative component we can use instead of synchronous 
generator we use the induction generator and instead of 
three phase converter we can use the chopper and three 
phase diode rectifiers. The step-up chopper we can use for 
the adapt the rectifier voltage. For determine the voltage of 
inverter the generation system is work according to the ideal 
current sources. Step-up controller also used as a control the 
machine torque. 

 

 
Fig: 3. Double three-phase VSI. 

 

 
Fig: 4. Step-up converter in the rectifier circuit and full 

power inverter topology used in wind-turbine 
applications. 

III. SEMICONDUCTOR TECHNOLOGY: - 

For improve the power quality and reliability of the 
system the wind energy system is directly connected with 
the power electronics semiconductor devices for lower price 
and better electrical characteristics. Insulated gate bipolar 
transistor (IGBT) is main component for the wind turbine 
application. This technology is work on the high power 
(6KV-1.2KA) and also it has high completion with the GTO 
in thyristor family. For a research criterion the IGBT has 
been developed a modern mechanical integration of GTO 
which is allow in the large operation and which is a hard 
drive circuit. In comparison of the IGBT the new technology 
coming in to the picture that is IGCT (integrated gate-
commuted thyristor). Which is used for the switching 
electrical current in industrial application. The basic 
difference between the IGBT and IGCT is that it has higher 
switching frequency with comparison of IGCT. And they 
introduced the distortion of the grid side. IGCT works as a 
disk like device and IGBT acts like modular devices. The 
main advantage of the IGCT VS IGBT is that they have 
lower On-stage voltage drop.  
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Power Quality Requirement For Grid Connected Wind 
Turbine: - 

For integration of grid and grid impact system is the 
main case of wind turbine and yes, it is shown that the 
power quality of the wind turbine is very poor to improve 
the power quality of wind farm then we use the power 
electronics device like FACT devices. Measurement show 
that the quality of the wind energy system is improved in 
last few year by using the power electronics devise system. 
The use of variable speed turbine in the wind farm means 
that it carries the harmonics and inter-harmonics in to the 
system. The international electrotechnical commission 
confirm the standard on power quality of wind energy 
system in 1995 as a part of wind turbine standardization. In 
1998 it has been part of the power quality requirement for 
grid connected system. This methodology having the 
various steps 1. To check the flicker analysis of the system.  
and 2, switching the operations. In this operation we can 
measure the voltage and current transient 3. Is the harmonics 
analysis which is coming by the use of fast Fourier 
transform (FFT). The wind farm is not producing the 
harmonics in to the system also it producing the inter-
harmonics system. the harmonic is operating on the 50 HZ 
frequency level.  

Transmission Technology for the Future: - 

The main installation of wind farm is near the sea. The 
sea is a very goof place to installed the wind farm energy in 
offshore installation system. In comparison of the off shore 
and on shore the off shore wind energy system is the most 
reliable energy system in the win energy system. in 
comparison of the generation of the energy the off shore is 
50% more generate the electricity than the on shore. because 
the on shore is installed in the flat areas and off shore is 
installed in the mostly in sea area. In construction and 
installation of the off shore wind farm is 50% more require 
energy but it has a longer life than the on shore, its life is 
approximate 25 to 30 years. HVAC transmission line is 
most effectiveness and simple solution which is connected 
to the grid to wind farm. In offshore area the wind cable is 
higher than the distribution electricity transmission overhead 
lines. Because the standard height criteria are coming to the 
picture. For this reason, the high voltage Dc line are 
connected to the wind farm to grid with the effectively 
transmit the energy. It transmits the 100 km or power levels 
of between 200 and 900MW. It has many advantages as like 
1. Sending and receiving end frequency is independent.2. 
offshore installation is isolated from the mainland. 3. Power 
of cables are low. 5. Power of transmission is high. The 
HVDC transmission line is based on the current source 
converter with connected to the thyristor as like FACT 
devices so that is called the line commuted converters. With 
connected to the more consumer side it needs the AC grid 
system which is connected the wind farm to the grid system. 
the main disadvantage of HVDC transmission system is the 
lack of the provide the independent control in active and 
reactive power. Voltage source converter based HVDC 
transmission system are gain the more reliability for the 
wind farm and grid system. voltage source converter based 
HVDC is not require any type of offshore and onshore ac 

network, in this system the active and reactive power can be 
controller independently.  

 
Fig: 5. Two HVDC transmission solutions. (a) Classical 

LCC-based system with STATCOM. (b) VSC-based 
system. 

IV. GRID INTEGRATION CHALLENGES 

Output Power Prediction: - 

Before the installation the wind farm on off shore and on 
shore it is very important that we must take the description 
where the wind farm installed. Which is suitable for 
estimated the cost for installing it. It is very necessary to 
predict the wind speed because the output if the wind energy 
is depending upon the wind speed and its roughness factor. 
The roughness factor is also relying to the 0.2cm to 0.02 cm. 
mostly the wind prediction is depending upon the on shore 
and off shore system. in on shore system the wind farm is 
installed to far way to the house and roads also wind 
resources and available in bulk amount. In off shore the 
wind turbine is located in the faraway to land and harbor.  
Navigation routes and subsea cable also. The wind profile is 
based on the logarithmic at high wind speed. Also, it 
depends on the height of the boundary layer as we saw on 
the slide. Wind height is more at the night when the temp is 
increase during night. There is no ideal strategy for the 
prediction of wind energy there is one mathematically 
analysis that is forecasting of wind energy. Depending on 
the operating need, it has to be divided in to four categories 
1. Intra hour 2. Short term 3. Medium term 4. Long term. 
This has to standard length (1-60min) for intra hour, (1-
6hour) for short term, (day head) for medium term and last 
for long term it includes the (season, week). The forecasting 
method is divided in two categories 1. Deterministic 
forecasting 2. Uncertainty analysis. This deterministic 
forecasting has a different category: physical, statical, 
intelligent, hybrid. And uncertainty analysis has probability, 
prediction, risk indices. 
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Fig: 6. Wind prediction approaches 

 
s.no Time scale  Usage 

1.   5-60 minutes Regulation of real 
time dispatch decision  

2. 1-6 hour Load following, next 
operating unit 

3. Day head Economic dispatch, 
unit commitment 
 

4.  Seasonal/ long 
term  

Resource’s planning 

 Reactive power and Voltage Support: - 

To generate the wind energy system the machine is used 
is induction generator instead of synchronous generator. To 
consume the reactive power, it necessary to use the 
induction generator. It is very tough to consume the reactive 
power we did not use the synchronous generator. By the 
help of PCC point of common coupling set the limit it is 
necessary to reduce the amount of reactive power. To 
control the most of the flow of reactive power we use to 
improve the power quality, STATCOM model in wind farm. 
The capacity of wind plant it is more important to reduce the 
reactive power these factors are depend upon grid strength 
and the transmission line system. to improv the voltage 
profile with the help of processing with the generator and 
absorbing the reactive power in flexible side of grid. 

Impact of Frequencies: - 

when the alternation occurs when the turbine rotates an 
electromagnet side then the array of large copper side 
generate electrically thermally. The rate of this alternation is 
called the electrical frequency. When the wind generate 
power transmit to the grid side it reduces the overall system 
inertia.  

Impact of the Harmonics/ Power Quality Issue: - 

when the wind farm connected to the grid system that 
introduced at the different level the harmonics. To analyze 
the harmonics system we need to develop, we need to 
considered that element which is consume that emission. 
The source of harmonics in the wind power plant is most 
commonly is cable but include this most of the element have 
some other equipment which increase the harmonics that 
element like transformer and capacitors and filter, power 
electronics device and power factor correction device. Due 
to this increasement of the harmonics increase the cost of 
the generating unit and too much loss occurring in to the 
productivity. For increasing the productivity, it uses the 

larger and heavily motor to generate more electricity. If we 
talking about the power quality of a grid system that is a 
combination of a power quality system, frequency and 
harmonic contain, reliability. It is defined as like which 
system which have stable case of power system quality and 
zero distortion system. power quality deal with the standard 
industry application. The source of poor quality is grid 
having a nonlinear load, arching load, reactive load, unstable 
load. Due to the poor power quality the energy meter gives 
the wrong reading and protective relay got damaged. Due to 
the nonlinear load the third harmonics generated in to the 
grid system due to this the neutral wire burning out. 

V. CONCLUSION 

In this paper we discuss about the all-power electronics 
role to established the wind farm and connected to that with 
the grid system. the new modern power electronic 
technology plays a very important role to integrated 
renewable energy source to the grid system. it is true that the 
power electronics devices is useful for the taking the highest 
transferring the power through the turbine and also 
optimization of power system, it reduce the harmonics and 
doing the control reactive power and minimize the 
harmonics distortion system. in this paper we also discuss 
about the modern trend to transmit the wind energy system 
and see the HVDC link is very useful to transmit this. Also, 
in this paper we discuss some type of grid challenges like 
harmonic impact and output power prediction and we seen 
that forecasting is very necessary to installed any type of 
wind farm. 
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