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Abstract:

Provision of reactive power, which is an important ancillary service, plays an important role in
increasing the reliability and security of power systems. In advanced power systems, analysis of
voltage stability and assessment of voltage security margin are very much important to maintain
voltage stability. This problem becomes more important in restructured power systems regarding
system security and the resulting economic impacts. In this context, reactive power pricing can
be an important issue, thereby the system security is preserved and appropriate economic signals
are provided for investors and system operators.

The main subject of this thesis is concerned with the voltage security constrained power pricing.
Therefore, a new method for voltage security constrained active and reactive power pricing in a
deregulated environment is presented. In this method for the purpose of reactive power pricing, a
new cost function is suggested by which the reactive pricing is performed more accurately.
Furthermore, in reactive power pricing the cost of both active and reactive losses are considered
using the well-known tracing method. Then, the market-based problem is modeled as a multi-
objective OPF integrated with social welfare and distance to the voltage collapse point, so that
both of them are simultaneously maximized. An important feature of the proposed approach is
using the reactive market power index (HHI) to assign optimal weighting factors to the multi-
objective function. In addition, in this method not only the reactive power is considered but its
price is also determined based on real costs. Using the proposed method and considering reactive
power market, a suitable range for weighting factors can be determined ensuring the optimal
bidding as well as satisfying the voltage security of the system.

On the other hand, in the spot pricing, the I SO carries out the actual active and reactive power
dispatch in atime frame of Y° to ¥+ minutes. Therefore, in online voltage stability assessment,
reducing the computational timeis an important problem in voltage collapse studies. In this
thesis, anew method for fast and accurate cal culation for maximum loading margin is proposed.
The presented method is based on an optimization technique in which the genetic algorithm is
utilized to solve the parameterized nonlinear load flow equations. To reduce the computational
burden, the optimization problem is examined in the weak area of the system as a subsystem
which is defined by modal analysis.

Also, in this research, a new market based approach for voltage security constrained active and
reactive power pricing in terms of individual voltage control areas is proposed. The problem is
modeled as a multi-objective OPF in which the social welfare and the distance to the voltage
collapse point are maximized at the same time and the reactive power market index (HHI) is
examined in localized markets.
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' Obligatory Reactive Power Service
" Independent Electric System Operator
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Federal Energy Regulatory Commission
" Reactive Power Procurement

" Reactive Power Dispatch

* Long Term
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