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ABSTRACT 

Some of the major challenges the world faces today are linked to hydrocarbon based 

energy systems; the fast depletion of its stock and the pollutions resulting from its 

conversion. Supplying power to remotely located communities, where extension of central 

grid power is either difficult to provide due to the geographical constraints or frequently 

disrupted due to adverse conditions, further aggravates the challenges. For sustainable growth 

in power sector promoting environmental balance, renewable energy plays an important role. 

Among various renewable resources, wind energy is the most potential resource currently 

focused as a means for energy security and sustainability. Many countries are targeting for 

20% wind energy in the total generation mix by the year 2020. 

Although wind based power generation technology has been in existence for several 

years, because of the low penetration levels of these systems, focus of the industry was 

mainly on the turbine and generator protection aspects. However, with the increasing 

percentage of wind energy in the electric grid, new challenges, both technical and regulatory, 

with regards to the functioning of the current power system are emerging. Apart from the 

issues related to intermittency, fluctuations and power quality, the increasing penetration of 

wind energy in the existing power grid will effectively reduce the percentage share of 

conventional synchronous generators. 

For harnessing optimum energy from the wind resource, modern wind turbine 

generators (WTGs) incorporate variable speed technology. Except type: B limited variable 

speed WTG, most of the variable speed WTGs need a power electronics converter-inverter 

combo either in the rotor circuit (e.g. type: C, DFIG based WTG) or in the stator circuit (e.g. 

type: D, PMSG based WTG) for the interface between the machine and the network. 

In order to maintain network frequency within safe limits after load events, the 

participation of all generating resources in frequency regulation is a critical requirement. 
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However, power electronics based generating systems, such as wind turbine generators, 

currently do not take part in frequency regulation due to various reasons such as missing 

inertial effects arising out of the decoupling of speed-frequency link, lacking of governor 

response to frequency changes (or the droop characteristics) and the non-availability of 

sufficient reserve generation capacity. 

The work in this thesis deals with the application of DFIG based variable speed wind 

turbines in system frequency regulation. To analyze their frequency regulation capability, 

dynamic models of wind turbine generator appropriate for steady and fluctuating winds have 

been developed. While the nonlinear model is used for fluctuating wind, the linearized model 

is used for steady wind conditions.  

For the creation of sufficient reserve generation capacity needed for taking part in 

frequency regulation, wind turbines are deloaded from the optimum power corresponding to 

the existing wind speed. Using the power margins thus created, the WTGs are controlled to 

provide relief to the grid during depressed frequency conditions. Frequency support from 

individual WTGs is regulated based on the available reserve, which depends on the prevailing 

wind velocities. The impact of variable droop operation on two aspects of WTG operation is 

investigated – primary frequency contribution and smoothening power fluctuations caused 

due to changes in wind speed. 

The thesis also investigates the impact of adding energy buffers such as flywheel, fuel 

cells and water electrolyzer in a wind dominated microgrid supplemented by diesel generator.  

In totality, the work in this thesis demonstrates that variable speed WTGs can be used 

effectively for regulating system frequency so that the reliability of standalone microgrids can 

be enhanced and thus the dependence on costly and polluting fossil fuels reduced. 
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