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ABSTRACT 

Stand - alone power systems like wind-diesel ones are becoming increasingly 

important for supplying electricity to remote areas which are not connected to main 

electricity grids. Such situations are obtaining in many developing countries. One 

major problem with these installations is that the overall system inertia is relatively 

small, consequently they are very sensitive to load variations. Further in these 

systems, the wind turbines usually drive induction generators. As the reactive power 

drained by induction generators is coupled to the active power generated by them, 

the ever changing wind power results in variations in active as well as reactive 

powers. These variations interact with the system and degrade the quality of power 

supplied, by causing wide variations in voltage and frequency. These systems 

therefore, require special control strategies, in order to provide good quality service 

to the consumers. Use of short term energy storages, static VAR compensators and 

load management techniques have been suggested by various authors for these 

systems. 

A detailed literature search shows that there is a great need to improve the 

control strategies, employed in these systems to obtain good performance from them. 

As both the system frequency as well as voltages at various buses in these systems 

are affected on the occurrence of a disturbance, fast acting energy storage units 

capable of exchanging active and reactive powers simultaneously with the system are 



more appropriate candidates to achieve this end. In this thesis fast acting energy 

storage devices like Superconducting Magnetic Energy Storage (SMES) and Battery 

Energy Storage Systems (BESS) are proposed for wind-diesel systems. 

The modelling of hybrid wind-diesel-energy storage systems and design of 

effective control strategies for simultaneous voltage and frequency control of the 

system u-Ider typical disturbances is the main objective of the thesis. 

A linearized model of the wind-diesel-SMES system is developed around an 

operating point and is used to study some inherent dynamic characteristics of the 

hybrid system. Eigen-values of the system with and without SMES unit have been 

studied and effects of various types of controls on the eigen value locations are 

investigated. 

Keeping in view, the multi-variable, non-linear and time varying nature of the 

hybrid system, a multi-variable self-tuning regulator (STR) is proposed for the 

control of the SMES unit. The STR uses local measurements of frequency and 

voltage at induction generators' terminal bus for controlling the SMES unit. The 

effectiveness of the proposed scheme in dealing with load as well as wind 

perturbations is illustrated. 
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A wind-diesel system with a blade pitch controller for wind turbine is also 

studied in one of the chapters. Self tuning regulators are designed for the pitch 

control as well as for the diesel governor in this case. Effectiveness of introducing 

an SMES unit with a facility to exchange active power with the system is also 

studied. A three-input three-output STR is used to control the wind-diesel-SMES 

system in a coordinated fashion. 

A Battery Energy Storage System (BESS) incorporating a pulse width 

modulated (PWM) inverter, is considered for simultaneous exchange of real and 

reactive powers with the system. The fuzzy proportional (P) - like and proportional 

integral (PI) - like controllers are proposed for BESS control. 
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