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Abstract

Dynamic pricing is one of the most effective methods to achieve distributed energy
management in a smart grid. In the dynamic pricing, electricity prices change in a short time
interval according to power supply-demand balances in a power grid. This study proposes some
novel dynamic pricing algorithms to maximize social welfare and improve its economic
efficiency by considering power flow in a power grid. In particular, the proposed pricing
algorithms derive the optimal regional electricity prices or the optimal incentive prices for
consumers in day-ahead and real-time electricity market trading.

This thesis is organized as follows. Chapter 1 describes the background and purpose of this
study. Then, behavior models of power consumers and generators in market trading and a power
grid model are explained as the problem formulation in Chapter 2.

Chapter 3 presents a dynamic pricing algorithm in a day-ahead market trading. The proposed
algorithm derives the optimal hourly and regional electricity prices without any information of
private functions of power consumers and generators. This chapter also shows a dynamic
pricing algorithm based on an alternating decision making among market participants to
improve its convergence speed. Finally, the validities of the proposed pricing algorithms are
shown with numerical simulation.

In order to reduce the effects of uncertainties in market participants' behavior in real-time
market trading, Chapter 4 presents a dynamic pricing algorithm based on H, control. This
chapter constructs a generalized plant of the dynamic pricing problem and shows how to design
the H.,, controller to update locational electricity prices. In addition, a dynamic pricing algorithm
using this designed H, controller is shown and its effectiveness is verified through the
numerical simulation results in this Chapter.

Chapter 5 discusses the power adjustment problem in a real-time market through negawatt
trading. This chapter shows the optimal incentive design method for consumers to minimize the
power adjustment cost including power reduction by consumers. In addition, in order to
guarantee the non-deficiency in the real-time market trading, the penalty price design method is
discussed in this chapter. Also, this chapter presents the real-time market algorithm to derive
these optimal incentive prices and its numerical simulation results.

Chapter 6 extends the power adjustment problem discussed in Chapter 5 to deal with the
problems caused by both power excess and shortage in a power grid. The proposed method in
this chapter adjusts power imbalances using energy storage systems in a power network through
market trading. This chapter also shows the optimal incentive design method and its power
adjustment algorithm in negawatt trading. Finally, the effectiveness of the proposed algorithm is
verified with numerical simulation results.

Chapter 7 concludes this study and describes its future work.




