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L. DESCRIPCION DEL CURSO

This course presents several optimization methods relevant for the analysis of electric power systems. The
contents consist of various fundamental theoretical and algorithmic optimization concepts, including
elements from convex optimization, mixed-integer optimization, decomposition methods, and optimization
under uncertainty, and their applications to several problems that arise from the process of planning and
operating power systems.

1. OBIJETIVOS DE APRENDIZAJE

Objetivo general: Understand advanced optimization methods and their application to the management of
electric power systems.

Objetivos especificos:

e Understand fundamental concepts from convex optimization, mixed-integer optimization,
decomposition methods, and optimization under uncertainty, and their importance for electric
power systems.

® Analyze and evaluate the use of different advanced optimization formulations relevant for different
power system applications, including problems such as economic dispatch, alternating current
optimal power flow, unit commitment, long-term expansion planning, and state estimation.



® Apply optimization methods and software to different problems associated to the process of planning
and operating power systems.

CONTENIDOS

Introduction

1.1. Challenges in the management of electric power systems
1.2. Operating power systems

1.3. Planning power systems

1.4. The impact of new technologies

Fundamentals of convex optimization

2.1. Mathematical background

2.2. Convex optimization problems

2.3. Lagrangian duality

2.4. Karush-Kuhn-Tucker conditions

2.5. Solution algorithms

2.6. Power system applications
2.6.1. Elements from power system modeling and analysis
2.6.2. Formulation of the optimal power flow problem
2.6.3. Optimization-based power flow analysis
2.6.4. Convex relaxations of the optimal power flow problem

Fundamentals of mixed-integer linear optimization
3.1. Basic concepts in mixed-integer linear optimization
3.1.1. Branch-and-bound algorithms
3.1.2. Cutting plane algorithms
3.2. Power system applications
3.2.1. Elements from power system modeling and analysis
3.2.2. Unit commitment
3.2.3. Generation and transmission expansion planning
3.2.4. The PMU placement problem
3.2.5. The transmission switching problem

Decomposition methods for large-scale problems

4.1. Problem structures that fit decomposition methods
4.2. Dantzig-Wolfe decomposition

4.3. Benders decomposition

4.4. Lagrangian relaxation

4.5. Augmented lagrangian methods

4.6. Other decomposition methods

4.7. Power system applications

Optimization under uncertainty
5.1. Motivation
5.2. Review on probability and stochastic processes



5.3. Stochastic programming with recourse
5.4. Nested Benders decomposition for multi-stage stochastic programming
5.5. Stochastic dual dynamic programming
5.6. Progressive hedging
5.7. Robust optimization
5.7.1. Robust optimization without recourse
5.7.2. Adaptive robust optimization
5.7.3. Two-stage robust unit commitment
5.7.4. Robust unit commitment with linear decision rules
5.7.5. Dynamic uncertainty sets
5.7.6. Robust optimal power flow
5.7.7. Robust expansion planning
5.8. Research challenges

V. METODOLOGIA PARA EL APRENDIZAJE

La metodologia de aprendizaje se basa en:

e (Clases expositivas.
e Lecturay discusion de textos.
e Talleres de implementaciéon computacional.

V. EVALUACION DE APRENDIZAJES

La evaluacidn de aprendizajes consiste de:

e Interrogaciones : 20%
e Tareas tedricas y de implementacién computacional : 20%
e  Presentacidn de un articulo cientifico : 10%
¢ Informes de avance proyecto de investigacion : 30%
e Presentacion final proyecto de investigacion : 20%
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