
Smart Energy Systems

Winter Semester 2019-2020 Outline of Topics

No prior knowledge of the following topics is assumed. Since the course is a

project course, it focuses on the practical aspects of the following topics.

1. Overview of Power Systems:

a. general overview of interconnected power system operation

b. electricity demand: time variation, periodicity, and price dependence aspects

c. electricity generation: resource types, generation characteristics of renewable

energy resources

d. energy storage resources: energy storage technologies, recent developments,

benefits of ESR integration to the grid

e. electric vehicles: benefits and challenges associated with the integration of

EV s to the grid, recent developments

2. Basics of Power Systems Analysis:

a. overview of basic power system concepts (voltage, current, phase angle, real

power, reactive power, apparent power), per unit representation, PV , PQ, slack

bus concepts

b. AC power flow equations

c. DC power flow approximations

d. microgrid network models

3. Linear Algebra Review and Newton-Rhapson Method:

a. vector norms, linear independence of vectors

b. rank and nullspace of a matrix

c. eigenvalues, eigenvectors, and definiteness of a matrix

d. Taylor series expansion

e. derivation of Newton-Rhapson method, its convergence analysis

4. Unconstrained Optimization

a. inf vs. min, sup vs. max

b. Weierstrass extreme value theorem and existence of optimal solutions

c. first-order necessary and second-order sufficient conditions for optimality

d. convex sets and functions, global and local minimum for convex functions

e. gradient descent, descent lemma, convergence analysis for functions with



Lipschitz-continuous derivatives, variable step sizes, Armijo’s rule and its convergence

f. Newton’s method and its convergence analysis, quasi-Newton methods (e.g.

Broyden’s method, BFGS, DFP )

5. Constrained Optimization

a. constrained optimization with equality and inequality constraints

b. Lagrange multipliers

c. Karush-Kuhn-Tucker (KKT ) necessary and sufficient conditions

d. penalty and barrier function methods and their convergence

e. Duality, economic interpretation of the dual problem

6. Forecasting Techniques

a. PV generation forecasting techniques

b. load forecasting techniques


