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ABSTRACT 

In many parts of the world much focus is given to the increase of renewable energy 

penetration. At least sixty seven countries, including twenty eight European Union 

(EU) countries have renewable energy policy targets of some type. When penetration 

of these sources increase drastically their integration to power system poses many 

challenges to the engineers. In order to ensure stability and reliability, grid codes are 

formulated by various countries. As per the grid codes, few ancillary service 

capabilities are expected from these renewable. This research work aims to enable the 

renewable sources to have the capability to provide ancillary services by using proper 

control strategies.  

In order to have frequency regulation in a system, reserve is a requirement. So in 

the first phase of thesis, reserve is made available in photovoltaic systems by making 

use of the concept of deloading the PV. This reserve is made use of, for frequency 

regulation in a PV penetrated system. Three types of controllers, which includes a fuzzy 

logic controller for deloaded photovoltaic systems are suggested so that they have 

frequency regulation capability. For frequency regulation, the present practice is to use 

a battery along with a PV at its maximum power point of tracking. As it is proposed in 

this thesis to operate photovoltaics under deloaded conditions as reserve, without using 

battery, it is imperative to carry out a cost comparison. So in the second phase, a cost 

analysis of reserve offered by deloaded PV system is carried out and it is compared 

with the case of using a battery. Optimization technique was also applied to compare 

the cost from the perspective of overall cost components, including the cost of fuel 

consumption by conventional generators in the system.  

The usefulness of deloaded PV in power fluctuation reduction between two areas is 

brought out. Another application highlighted was the frequency regulation aspect in a 

hybrid system consisting of PV and DFIG. The frequency disturbance due to the fall in 

wind speed was compensated by the reserve in the PV in the third phase of research. 

      As an independent power producer, all the sources, including the wind 

generators, are required to supply the scheduled power to the system as directed by the 

system operator, within a time frame of operation. The fluctuating nature of wind makes 

supplying the scheduled power a challenging task. To address this, gas turbines are 

proposed to augment the wind generator to work as buffer owing to their high ramping 

capability. However, the cost of gas turbine increases with increased ramp rates, 

http://en.wikipedia.org/wiki/EU
http://en.wikipedia.org/wiki/Renewable_energy_policy
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whereas, operating efficiency and the life time decreases. Hence, to relieve the 

buffering gas turbines from higher ramp rate requirements, in the last phase of this 

research work, emulation of inertia of the wind generator is proposed which reduces 

the ramping requirements of gas turbine. The wind generator is proposed to operate in 

inertia emulation mode during the disturbances and will be switched back to maximum 

power extraction mode once the system attains the steady state. While emulating the 

inertia, the performance of the proposed control philosophy with different ramp rates is 

investigated. Guide lines for the selection of the ramp duration and ramp rate for 

seamless transition from inertia emulation mode to maximum power extraction mode 

are also suggested.   
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