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Abstract

In recent years the limitations of fossil fuel resources and environmental
pollution has created great tendency towards the use of renewable energy
resources. However, the integration of high penetration levels of renewable
energy resources along with the increased load demand and aging of the
transmission network will push these networks to work closer to their
operating limits. As a result, transmission congestion is a growing concern that
could limit integration of new renewable energy projects. With large-scale
wind power integration, the system operators need to exploit more flexibility
in the planning and operation of the power system to maximize the utilization
of existing transmission networks. This can be achieved by using cost-
effective transmission technologies, thereby taking full advantage of the
inherent flexibility of the system. In this thesis, we focus on implementing two
different approaches that can lead to increasing the penetration level of wind
power while managing possible congestions in the transmission network.
Moreover, we propose using the Dynamic Line Ratings (DLRs) technology
that could potentially increase the capacity of existing transmission networks
and avoid unrealistic congestions.

The first approach presents a probabilistic multi-objective optimization
approach to obtain the optimal sizes and locations of static var compensators
(SVCs) and thyristor-controlled series compensators (TCSCs) in a power
transmission network with high penetration level of wind power. The
objective of the problem is to maximize the system loadability while
minimizing the network power losses and the installation cost of the FACTS
devices. The optimization problem is solved using the multi-objective
teaching-learning based optimization (MO-TLBO) algorithm to find the best
locations and ratings for the FACTS devices. In this approach, the

uncertainties associated with wind power generation and the correlated load

Vi



demand are considered. The uncertainties are handled using the points
estimation method (2PEM+1). Moreover, the DLRs of the transmission lines
are considered in this approach. Based on the simulation results, it is found
that the proposed approach successfully achieves a compromise of the desired
objectives, and hence, is able to manage the possible congestions in the
network due to the increased penetration levels of wind power.

The second approach, investigates the possibility of changing the network
topology using the Optimal Transmission Switching (OTS) strategy while
considering the DLR in the congestion management. In this approach, a
probabilistic multi-objective based congestion management procedure is
proposed using OTS strategies considering the maximization of system
reliability and minimization of the total generation cost. Additionally, the
prevention of islanding is considered to ensure the feasibility of transmission
switching status. The uncertainties associated with load demand and wind
power are considered. The formulated optimization problem is solved using
the multi-objective teacher learning based optimization (MOTLBO)
algorithm. The results in this approach show that a better utilization of the
transmission capacity can be achieved through network topology
reconfiguration, and DLR technology and allows for higher wind power

integration.

Key Words: wind energy, uncertainty, FACTS devices, optimal power flow,
reliability, islanding, network topology optimization, optimal transmission
switching, dynamic line rating, multi-objective optimization, MOTLBO,

points estimation method.
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