EE 653: RELIABILITY ASSESSMENT OF 

ELECTRIC POWER SYSTEMS

Instructor: James D. McCalley, Phone: 515-294-4844, 

E-mail: jdm@iastate.edu
Office: Room 1113, Coover Hall, 

Office Hours: T 10-12, W 11-12

Course Goals: The goals of this course are to enable you to

1.  Freely use the language of power system reliability analysis;

2.  Use analytical models for power system reliability analysis;

3.  Perform reliability analysis of electric power systems using  commercial grade simulation software;

Grading: 

exam 1 (25% each), 

final exam (25%), 

project report (25%), 

HW (25%).
Assignments: There are 4 different types of activities in which you will be involved.

1.  HW: There will be daily readings and also problem sets. You are expected to do all reading and all problem sets. Some of the problem sets will require you to use commercial grade simulation software.

2.  Exams: The two exams will be take-home. 

3.  Final exam: The final exam will be a 2 hour written exam with cumulative coverage.

4.  Project: Each student is required to complete a special project. I will give you a list of projects. You may select one of the topics yourself or you may propose a topic to me. I am amenable to project proposals that might be of benefit to your work or to your research. You must propose a topic to me and identify objectives, to which I will agree or I will make a counter-proposal for you. The final outcome of the project will be a written report.  
All assignments can be submitted by fax at 515-294-4263 or by e-mail.

Textbook: R. Billinton and R. Allan, “Reliability Evaluation of Engineering Systems,” Plenum Press, New York, 1992. This book is an excellent book for fundamentals, but it does not cover the power system applications so well. 

Some other useful references: 

· R. Billinton, R. Allan, L. Salvaderi, editors, “Applied Reliability Assessment in Electric Power Systems,” IEEE Press,  1991.

· R. Billinton and R. Allan, “Reliability Evaluation of Power Systems,” second edition, Plenum Press, 1996.

· R. Billinton and W. Li, “Reliability Assessment of Electric Power Systems using Monte Carlo Methods,” Plenum Press, 1994.

· J. Endrenyi, “Reliability Modeling in Electric Power Systems,” John Wiley, 1978.

· “Power System Reliability Evaluation,” IEEE Tutorial Course 82 EHO 195-8-PWR, 1982, IEEE.

· P. Anderson, “Power System Protection,” 1996 unpublished review copy.

· M. Modarres, M. Kaminskiy, and V. Krivsov, “Reliability Engineering and Risk Analysis, A Practical Guide,” Marcel Dekker, Inc. New York, 1999.

· W. Blischke and D. Murthy, “Reliability: Modeling, Prediction, and Optimization,” John Wiley, New York, 2000.

· S. Ross, “Introduction to Probability Models,” Academic Press, New York, 1972.

· L. Bain and M. Engelhardt, “Introduction to Probability and Mathematical Statistics,” Duxbury Press, Belmont, California, 1992.

· Papoulis, “Probability, Random Variables, and Stochastic Processes,” McGraw-Hill, New York, 1984.
· J. McCalley and M. Ni, “Risk-Based Security Assessment and Operational Planning,” textbook in preparation.

· Various papers. 

Class operation:

· I will e-mail you “class-notes” and (usually) “reading notes” in advance of class.

· Suggest that you print them and have them handy for the class.

· I will also identify readings from the text that correspond to the class.

· You should read the “in-class notes” (while in class), read the reading notes (outside of class), and read the text (outside of class).

Prerequisite knowledge: 
· calculus-based circuit analysis methods, 

· power flow modeling and analysis, and 
· basic probability theory at the undergraduate level
Part A: Foundations (3 weeks)

1. Review of probability theory

a. Basics 

b. Probability distributions for reliability

c. Component reliability

2. System reliability:

a. Network methods

b. Markov models

c. Application to substation reliability analysis

3. Overview of terminology of power system reliability engineering

Part B: Planning-based reliability assessment (5 weeks)

4. Traditional power system reliability indices

5. Single area generation capacity reliability evaluation

a. Generation and load models

b. Solution by discrete convolution

6. Multi area generation capacity reliability evaluation

a. Modeling

b. Solution by:

i. Network flow algorithm

ii. Solution by decomposition

iii. Solution by Monte Carlo sampling

iv. Decomposition-simulation

7. Composite system reliability evaluation

a. Data requirements

b. Contingency enumeration

i. Network solution methods

ii. Remedial actions

iii. Contingency ranking and selection

c. Monte Carlo simulation

i. Random sampling of states

ii. Convergence criteria

iii. Variance reduction techniques

d. Sequential simulation

Part C: Reliability evaluation for operational decision-making (4 weeks)

8. A different decision problem

a. Financial versus engineering risk

b. Risk versus reliability

c. Operations versus planning

9. Risk-based security assessment: general principles, computational procedures

10. Operating rules and on-line decision-making

11. Maintenance scheduling 

Part D: Decision-making techniques (3 weeks)

12. Single criterion decision-making

13. Multicriteria decision-making

a. Determining efficient solutions

b. Utility-based approaches

c. Outranking approaches

d. Goal programming

Course instructor: 
James D. McCalley was born in Atlanta, Georgia on July 23, 1959. He received the BS, MS, and PhD degrees in EE from Georgia Tech in 1982, 1986, and 1992, respectively. He worked for Pacific Gas & Electric Co. from ‘85-‘90, in the Transmission Planning Department, where his work mainly focused on conducting dynamic security assessment studies of the WSCC system in the western U.S. Dr. McCalley holds the professional engineers license in California and is a senior member of the IEEE Power Engineering Society. He joined the Faculty of the Department of Electrical & Computer Engineering at Iowa State University (ISU) in 1992, and he was promoted to the rank of associate professor in 1998.  His research interests are in the area of power system dynamics, dynamic security assessment of power systems, power system operation and control, risk-based security assessment, operational decision-making, reliability assessment, and multiagent systems.  Dr. McCalley is a recipient of the 1995 National Science Foundation Career Award. In 1999, he received the ISU College of Engineering “Young Engineering Faculty Research Award." He is the author and co-author of 28 journal papers and 51 conference proceeding papers in his field. He chairs the IEEE PES Task Force on Probabilistic Aspects of Reliability Criteria and has been active in the Power System Dynamics Committee and the IEEE Risk, Reliability, and Probability Subcommittee and various CIGRE task forces.










