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Summary :

Energy Storage System (ESS) integrated with the wind systems can drastically smooth
the intermittent generation through the storage of energy that can be used during periods
of low generation and the energy generated at the end of the night or at the beginning of
tomorrow (when demand is extremely low), it can also be stored to be dispatched during
peak demand hours when wind production is much lower. The Flywheel Energy Storage
Systems (FESSSs), act as mechanical batteries, can store mechanical energy and exchange
it to electricity through a bi-directional converter and an electric machine. FESSs have a
large number of charge and discharge cycles that make them perfect for the integration of
wind systems. They can significantly improve the mitigation of power fluctuations by using
(MATLAB/SIMULINK). The main objective in this thesis is to develop a comprehensive
control philosophy for enhancing the output voltage to introduce power smoothing method
using energy storage system which is Flywheel, and to develop optimal sizing for flywheel
energy storage system using General Algebraic Modeling Software (Gams).
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Abstract

The interest in renewable electricity sources is growing continuously. Today, wind energy is a
major player and controller of the global energy market. According to the World Wind Energy
Association (WWEA), global wind capacity reached 539,291 GW at the end of 2018, of which
52,552 GW were added in 2018, which represents a growth rate of 10.8%.

Wind turbines installed worldwide at the end of 2018 can generate around 5% of global electricity
demand. Wind energy has a vital role in electricity systems because it is a clean source and has a
low operating cost. However, the penetration of wind energy enforces completely different
operational challenges because of uncertainty and intermittent nature. flexible energy resources,
like energy storage systems and demand management, are the most solutions to compensate for
the energy misalignment associated with the uncertainty and irregularity of wind energy.

In general, the main objective is to increase the power of wind systems. However, the increase in
the interconnection of these wind resources depends on several factors and must be monitored and
controlled. Wind energy, like the different renewable energy sources, has a stochastic and random
character. Changes in the wind speed profile, while trying to collect maximum power, will result
in the injection of a fluctuating power profile in the electrical network, which represents a serious
threat to the stability of the electrical system.

Energy Storage System (ESS) integrated with the wind systems can drastically smooth the
intermittent generation through the storage of energy that can be used during periods of low
generation and the energy generated at the end of the night or at the beginning of tomorrow (when
demand is extremely low), it can also be stored to be dispatched during peak demand hours when
wind production is much lower.

The Flywheel Energy Storage Systems (FESSSs), act as mechanical batteries, can store mechanical
energy and exchange it to electricity through a bi-directional converter and an electric machine.
FESSs have a large number of charge and discharge cycles that make them perfect for the
integration of wind systems. They can significantly improve the mitigation of power fluctuations.
The main objective in this thesis is to develop a comprehensive control philosophy for enhancing
the output voltage to introduce power smoothing method using energy storage system which is
Flywheel, and to develop optimal sizing for flywheel energy storage system using General
Algebraic Modeling Software (Gams).

Flywheel is the main subject in this research. ESS is taken into consideration as an effective tool
to improve the flexibility and controllability not only of a specific wind farm, but also of the entire
grid to match the load profile. Main objectives for using ESS are to smooth the fluctuations and
shift the renewable generation to match the load.

In this thesis, A model of DGs based on MATLAB/SIMULINK is developed for a more realistic

analytical verification. FESS is integrated with both photovoltaic and permanent magnet
synchronous generator (PMSG) based wind energy conversion system. A mathematical model for

Xi



