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ABSTRACT

Wind power is currently the fastest growing generation technology and being
considered as a viable alternative of fossil-fuel power generation. Although wind
power generation is clean and environmental friendly, but wind-turbine power plant is
highly capital-invested and relies on the intermittent and unpredictable nature of the
wind. In the area of either relatively low wind speed or limited meteorological data,
electric utility may have a difficult decision in both selecting wind power as a
generation option and optimizing generation capacity of a wind turbine.

The objectives of this work are to propose (a) a planning method to determine
generation capacity of a wind park (b) a control strategy for a wind-turbine power

plant, and (c) an investment incentive to promote wind energy generation.



In planning stage, the investment problem of wind power generation is
formulated under the assumption that generation capacity and investment resources
are flexible. The screening & ranking method is proposed to identify the most
attractive investment plan. Decision analysis techniques are then applied to overcome
uncertainties arising from wind speed distribution and power-speed characteristics.
Larger size wind turbines were found to be more profitable than smaller size wind
turbines. The uncertainty of power-speed characteristics has significant impact on
investment decision in such a way that the investment may not be profitable when the
power-speed characteristics are not linear.

In operation stage, the control objective of a wind turbine is to maximize annual
energy generation. Particle swarm optimization is applied to solve for optimum rotor
speed under fixed-speed operation and for optimum tip-speed ratio under variable-
speed operation. The optimum rotor speed varies with the wind speed distribution,
while the optimum tip-speed ratio does not depend on the wind speed distribution.
The wind power and energy are more dependent of the mean wind speed that the
speed distribution.

Under a regulated environment; a price premium, generally known as feed-in
tariff scheme, is added to electricity purchasing rate for wind energy generation over a
certain period of time. The price premium could be fixed or time-varying, depending
on generation capacity of a wind turbine. The time-varying premium scheme
provides investment incentive for large wind turbines and takes generation cost into
account. The fixed premium scheme provides investment incentive for small (large)

wind turbines when the premium value is high (low).
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