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autonomous hybrid power system having more machines. To test the proposed reactive power 

control system, state space models of wind-diesel, wind-multi-diesel, multi-wind-diesel, and wind-
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ABSTRACT 

The optimum utilization of resources for providing power to community at large, has resulted in 

large interconnected power systems. The demand to provide power to all by large interconnected 

system in India remains unfulfilled due to non-availability of sufficient funds, constraints on 

right-of-way for additional transmission lines and rapid growth in load with developments, but 

on the other hand the gap between supply and demand increases day-by-day. Not only to reduce 

the gap between generation and load, but because of limited life of conventional sources with 

high pollution rate, more exploration has been carried out on alternative sources of energy during 

the last three decades. During this period the assessment of potential of the sustainable eco-

friendly alternative sources and refinement in technology has taken place to a stage so that 

economical and reliable power can be produced. Different renewable sources are available at 

different geographical locations close to loads, therefore, the latest trend is to have distributed or 

dispersed power system. Examples of such systems are wind-diesel, wind-diesel-micro-hydro-

system with or without multiplicity of generation to meet the load demand. These systems are 

known as autonomous hybrid power systems. 

A detailed literature survey shows that there is a great need to improve the reactive power 

control strategy of autonomous hybrid system to maintain the voltage within specified limits. 

Work in this thesis deals with the reactive power control of different configurations of 

autonomous hybrid power systems. 

The mathematical modelling for automatic load-voltage control of autonomous hybrid 

power systems has been developed using power balance equations. State-space equations have 

been derived for wind-diesel systems operating at constant speed/slip or at variable speed/slip 

and for wind-die 1-micro-hydro systems. To have automatic reactive load voltage control three 
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types of SVC (static VAR compensator) models have been considered in the mathematical 

modelling, which are frequently used in conventional power systems studies. 

Dynamic performances of wind-diesel, multi-wind-diesel and wind-multi-diesel system 

have been analyzed with optimum gain settings of SVCs. The optimum gain settings have been 

obtained using ISE (integral square error) criterion. The load is located at the hybrid power system  

generation terminals, therefore, it is designed that for the same input error signal AV, the AVR 

with the synchronous generator performs the function of maintaining constant voltage profile, 

whereas the SVC eliminates the reactive power mismatch in the system. The SVC regulator gain 

depends upon the size of the wind power generation and its value increases with the decrease in the 

size of wind power generation. The deviations in various variables also directly depend upon the 

size of wind power generation in the system but settling time remains unchanged. 

There is a considerable effect of the incorporation of speed/slip in the system model 

(variable slip model) on the system performance. Ignoring variable slip condition may result in 

fixed capacitors, which can cause variation in the system load voltage. The settling time of the 

system with and without multiplicity of generation remains almost same for different disturbances 

but the magnitude of first peak depends upon the size of the disturbance. It is observed that the 

performance of both SVC types II and III is better than SVC type-I. 

The Simulink, which is an interactive environment for modelling, analyzing and simulating 

a variety of dynamic systems, has been used to study the dynamical performance of different  

configurations of autonomous hybrid power systems. 

ANNs models have been developed for different autonomous hybrid power system 

configurations for tuning the proportional-integral controller for SVC. Transient responses of 



different autonomous configurations show that SVC controller with its gained tuned by the 

ANNs provide optimum system performance for a variety of loads. 

Finally, it is recommended that a variable source of reactive power is required by an 

autonomous hybrid power system having induction and synchronous generators as electro-

mechanical devices to maintain balance in the reactive power generation and absorption in the 

system, otherwise large voltage fluctuations may occur. The tuning of SVC controller parameters 

using ANN is very much necessary for achieving optimum performance of the system under 

varying load and input wind power conditions. 
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