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[tem 1 General Information

1. SWaAkAzI93187%U - Course ID and Course Name

90245222 Ansdeielavsszuu i

(Power System Reliability)

2. 3MUUNUIWAA - Number of Credits

3 Credits (3-0-6)

3. wﬁ'ﬂgmuazﬂizmwua\ﬁwa?ﬂ - Type of Curriculum and Type of Course

Master of Engineering Program in Electrical and Software Systems Engineering (International
Program)

Elective course

¢ Y A

4. 91913943URAYAUIIEAVT waLa1313PLHaU — Responsible Professor and Lecturer Name
Assoc. Prof. Dr. Wijarn Wangdee

5. anAnnsAne SulABey - Semester / Course Year

2/2561

6. Tedvdideseuaniou (Pre-requisite) (813 - If any)

None

7. 9939NdRassUNSauAY (Co-requisites) (613 - If any)

None
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8. @nufilseu - Location of Class/Lab
TGGS Building

9. JuNIMinIaUFuUeuazdenva95183vIAIIEER - Course description last updated on
Day/Month/Year

31 July 2018
vaanil 2 Ynjananeuas Ingussa
ltem 2 Purposes and Objectives

1. 9M3anU18YR95183Y1 - Course’s Objectives
This course aims at providing students the knowledge of power system reliability evaluation and
significance of the reliability evaluation at different power system functional zones, such as
generation, transmission, distribution, substation, including reliability cost and reliability worth of
power systems.

2. nguezasalumsnmu/U3uuieneivn - Objectives to improve/modify the course

The objective is to keep the content of the course updated to the analytical and technology

advancement.
YUINT 3 ANWULLAZNITAEUNTS
Iltem 3 Operations and Procedures

1. A195U183187%1 - Course description

winnsdesiuvemguimnnnaiuezenudedeld  nsUsaiumnudetiolivessruuidmdn
il mstssidiuhdsdsemasUfcing  nevssiiuarmudedelduestissuundauarszuuaeds
sy mavsmifiurudeteldvessruudming  wagmsuszdiuyarivesmudetiold

Basic probability theory and reliability concepts; Generating capacity reliability evaluation;
Operating reserve assessment; Composite system reliability evaluation; Substation reliability

evaluation; Distribution system reliability assessment; Reliability worth assessment.

2. uuTLltaan1An1sAn®T (Number of hours per semester)

- n1SHNUHUR/ 9 - .
UIT81Y GRIIGEF - N1IANYINIWAULDY
AAFUIN/NTTHNIY
Lecture Remedy Self-Study
Internship/Lab work
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3 hrs per week - - 6 hrs per week

3. fwrudiludeduaninonansdliiusnwuasuuzihmalvnisundnAnenluseyana -

Lecturer’s consulting hours per week for individual student

The number of consulting hours per week is flexible upon request. The standard average number
is one hour per week. The students can always make an appointment with the responsible

lecturer in the class or via email and telephone.
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Iltem 4 Learning Outcome of Students

Han1siTeuinaanisvesedvnssylundngasniuuinsgiunisiseuivasana.
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4. 9inwsANuFuNUS 5.9N¥EANTUATIER

- Y . 3ENINNYARALAZAINN Wedaian nsaedns waznsld
- 1.A05594 AIUFTIU 2.a743 3dinwemeleyeyn e .
183 SuRinau wialuladansauwme
Morale and Ethics Knowledge Intellectual skill
Courses Interpersonal skill and Analytical, communications
responsibility and IT skills
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Learning Outcomes

Specified Teaching Method

Evaluation method

ELO 2 Ability to explain
phenomena in Electrical and
Software Systems Engineering by
referring theories in Electrical and

Software Systems Engineering

The concept of each topic in each
chapter will be introduced with basic
definitions,

The

or fundamental
visualization and correlations.
explanation will be based on the
theories in Electrical and Software
Systems engineering. The student will
be asked to explain the discussed
topics using the theories, which the
students have known before the
lecturer gives the correct explanation.
By this approach, the students will
practice how to apply the learned

theories by themselves to explain the

discussed phenomena.

ELO2 will be evaluated by
questions and assignment
during the class or during

the exams.

ELO 4 Ability to analyze and find
reasons to explain relationships
between experimental results and
theory in Electrical and Software

Systems Engineering

During the classes, some topics will be
explained using experimental data
obtained from literature. The student
will be asked to analyze the presented
experimental data and explain the
observed behavior using the theories,
which the students have known
before the lecturer gives the correct
explanation. Furthermore, the
students will be asked to find reasons
of the deviation from the theories to
gain the practical view of the discussed

topic.

This  ELO2  will be
evaluated by
questions and
assignment during the
class or during the

exams.
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Learning Outcomes

Specified Teaching Method

Evaluation method

ELO 6 Ability to demonstrate self-
reliance and teamwork skill for
defining and solving specific
problems in Electrical and Software

Systems Engineering

During the course, the students will get
individual and group assignments for
related to the
By the

solving problems
content of the course.
assignments, the students have to
work alone or as a team to solve the

given problems or tasks.

he students have to
submit their work in paper
forms for corrections. As
appropriate, students
have to present their
works by oral

presentation.

ELO 8 Ability to read and
comprehend contents in
international academic books,
documents and research articles in
Electrical and Software Systems

Engineering

During the course, some additional
advanced articles will be given to the
students as practices of self-reading.
The contents of the paper will be
later. In

discussed in the class

additions, some assignments  will
require the student to find more
information from the international
research articles. The students can
obtain guidance from the lecturer, as
appropriate, when the contents of the
articles are beyond their knowledge

and experiences.

This ELO will be evaluated
by oral interview or
questions during the class.
For written assignments,
the students have to
submit paper works for

corrections.
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Iltem 5 Syllabus and Evaluation

1. wNuUn19dau- Syllabus

1. Basic Probability

- Independent Events

- Mutually Exclusive Events

- Complimentary Events

Homework assignment

dUanii . faNIsuNTI8U .
; MUY ¢ Neau
7 Wta/98aziden nsaaw/denly ?
(wy.) Lecturer
Week | Detail Activities/ Teaching
(Hrs) Name
No. Medium
1 Chapter 1 Introduction 3 Lecture presentation slides Wijarn
1. Reliability Measures Examples & In-class exercises | Wangdee
- Deterministic Criteria Homework assignment
- Probabilistic Criteria
2. Reliability Cost and Reliability
Worth
- Incremental Reliability
- Cost-Benefit Analysis
3. Methods of Reliability
Assessment
- Analytical Techniques
- Monte Carlo Simulation
Techniques
4. Concept of Adequacy and
Security
5. Functional Zones and
Hierarchical Levels
2 Chapter 2 Basic Probability 3 Lecture presentation slides Wijarn
Theory Examples & In-class exercises | Wangdee
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No.
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Detail

I7UUY
(w.)
(Hrs)

AANTIUNISLIBU
nsaaw/denly
Activities/ Teaching

Medium

v
NeidU

Y
Lecturer

Name

- Conditional Events

- Mathematical Expectation
2. Basic Reliability

- Simple Series and Parallel

Systems

- Binomial System
3. Component Outage Models

- Independent Outages

- Dependent Outages

Chapter 3 NetworkModeling
andEvaluation
1. Simple System Evaluation
- Series and Parallel Systems
- Standby Redundant System
with Imperfect Switching
2. Complex System Evaluation
- Conditional Probability
Method
- Minimum Cut Set Method
3. Mission Oriented System
Evaluation

4. Markov Analysis

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee

Chapter 3 NetworkModeling
andEvaluation
5. Frequency and Duration (F &

D) Evaluation

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee
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Week

No.
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Detail

I7UUY
(w.)
(Hrs)

AANTIUNISLIBU
nsaaw/denly
Activities/ Teaching

Medium

v
NeidU

Y
Lecturer

Name

- Frequency and Duration
Concepts

- Two Stage Repair and
Installation Process

- Spare Component
Assessment

6. F & D Using Approximate

Equations

- Extended Equations for
Parallel Systems

- Application of Series System
Principle to Failure Mode

Analysis

Chapter 4 Monte Carlo

Simulation

1. Introduction to Methods for
Complex Systems
- State Enumeration Method
- Monte Carlo Method

2. Non-Sequential Monte Carlo
Simulation

3. Sequential Monte Carlo
Simulation

4. Simulation Convergence and
Stopping Criterion

5. Random Number Generation

6. Random Variate Generation

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee
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dUandk
7
Week

No.

o Y a
#IVB/31885108A

Detail

I7UUY
(w.)
(Hrs)

AANTIUNISLIBU
nsaaw/denly
Activities/ Teaching

Medium

v

G R

Y
Lecturer

Name

6

Chapter 5 Generating Capacity
Reliability Evaluation
1. Introduction to Generation
System Model
2. Capacity Outage Probability
Tables
3. Review of Generating System
Risk Criteria
- Deterministic Criteria
- Probabilistic Criteria
4. Basic System Risk Indices
- Loss of Load Indices
- Risk Evaluation Using
Analytical Approach
- Risk Evaluation Using
Monte Carlo Simulation
Approach
5. Load Forecast Uncertainty

(LFU)

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee

Chapter 5 Generating Capacity
Reliability Evaluation
6. Frequency and Duration
Indices
- Individual Probability and
Frequency
- Cumulative Probability and

Frequency

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee

-10-
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i Wda/suaziden T rssew/daitid don
(v¥.) Lecturer
Week | Detail Activities/ Teaching
(Hrs) Name
No. Medium
7. Capacity Expansion Analysis
- Numerical Examples
- Effective Load Carrying
Capability
8 Chapter 6 Interconnected 3 Lecture presentation slides Wijarn
System Reliability Evaluation Examples & In-class exercises | Wangdee
1. Introduction to Interconnected Homework assignment
Systems
2. Probability Array Method in
Interconnected Systems
3. Equivalent Assisting Unit
Approach to Interconnected
Systems
4. Factors Affecting the
Emergency Assistance
9 Midterm Exam
10 Chapter 7 Operating Reserve 3 Lecture presentation slides

Assessment

1. Introduction to Operating
Reserve

2. PJM Method
- Outage Replacement Rate

(ORR)

- Unit Commitment Risk

3. Extensions to PJM Method

- Load Forecast Uncertainty

Examples & In-class exercises

Homework assignment

-11-
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i Wda/suaziden T rssew/daitid don
(v¥.) Lecturer
Week | Detail Activities/ Teaching
(Hrs) Name
No. Medium
- Derated (Partial Output)
States
4. Modified PJM Method
5. Response Risk
11 Chapter 8 Composite Generation 3 Lecture presentation slides Wijarn
and Transmission System Examples & In-class exercises | Wangdee
Reliability Evaluation Homework assignment
1. Contingency Enumeration
2. Network Analysis Techniques
3. Remedial Actions (Corrective
Actions)
4. System State Selection
5. System and Load Point Indices
12 Chapter 9 Distribution System 3 Lecture presentation slides Wijarn
Reliability Evaluation Examples & In-class exercises | Wangdee
1. Evaluation Techniques for Homework assignment
Radial Systems
2. Additional Interruption Indices
- Customer-Based Indices
- Load- and Energy-Based
Indices
3. Application to Radial Systems
13 Chapter 9 Distribution System 3 Lecture presentation slides Wijarn
Reliability Evaluation Examples & In-class exercises | Wangdee

4. Evaluation Techniques for

Complex Systems

Homework assignment

-12-




TQF 3Doc. ID 29

90245222

(Power System Reliability)

dUaai
7
Week

No.

o Y a
#IVB/31885108A

Detail

I7UUY
(w.)
(Hrs)

AANTIUNISLIBU
nsaaw/denly
Activities/ Teaching

Medium

v
NeidU

Y
Lecturer

Name

5. Inclusion of Scheduled
Maintenance
6. Consideration of Weather

Effects

14

Chapter 10 Substation and

Switching Station Reliability

Evaluation

1. Active and Passive Failures

2. Effect of Failure Modes

3. Failure Modes and Effects
Analysis (FMEA)

4. Malfunction of Normally
Closed Breaker

5. Malfunction of Alternative

Supplies

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee

15

Chapter 11 Reliability Worth

Assessment

1. Implicit and Explicit Evaluation
of Reliability Worth

2. Interruption Cost versus
Reliability Worth

3. Data Concepts and
Requirements for Value-Based
Reliability Planning (VBRP)

4. Cost of Interruption Cost

Assessment

Lecture presentation slides
Examples & In-class exercises

Homework assignment

Wijarn
Wangdee

16

Final Exam

-13-
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2. wwun1sUsEIUKaN1SSeuS — Evaluation Plan

o . AomsUszdiu AMMUALIAINIT | SAFIUVINIS
- a4 NANITLIEUS™ . n W oo -
NINIIUN . Evaluation | Usziaiu (duanuv) | Jssiiuna
Learning Outcomes* .
Act. No. Method Evaluation Week | Percentage of
(Week no.) evaluation
1 ELO2, ELO4, ELO6, ELO8 homework, 1-15 20%
assignments,
attendance
2 ELO2, ELO4 midterm exam 9 35%
3 ELO2, ELO4, ELO6, ELO8 term project 15 5%
4 ELO2, ELO4 final exam 16 40%
* SEUHANNSITEUINT0L 0LMUMNUTILAAINITNITZANAIUSURAYOURBHANSIT B
* |dentify learning outcome based on the Learning Outcome Responsibility Matrix

AUIAN 6 NINEINTUTLNAUNISIIUUNITHOU
Item 6 Learning/Teaching Resources

1. A194AZeNE1S — Text books/Documents
[1] Wijarn Wangdee, Lecture Notes, Power System Reliability (mmL%aaaiﬁﬁuaﬁwuvh/m?), 2558.
2. enasuazdayadnfAsy - Important documents and Information

[1] Billinton, R, and Allan, R. “Reliability Evaluation of Engineering Systems,” Springer, Second
Edition, 1992.

[2] Billinton, R, and Allan, R. “Reliability Evaluation of Power System,” Second Edition, Plenum
Press, 1996.

3. wnmmaz%’agauu:ﬁﬂ - Documents and introduction

[1] Wenyuan Li, “Risk Assessment of Power Systems: Models, Methods, and Applications,” John
Wiley & Sons, Hoboken, NJ, 2005.

-14-
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I 7 n1suszilivuazuiuusamsaniiunisvessngdn
ltem 7 Course Evaluation and Improvement

1. naqms‘msﬂs:Lﬁuﬂszﬁw%s«aﬁumsﬂa%'ﬂmaﬁnﬁnm - Course’s effectiveness evaluation

strategy by students

The students will have an opportunity to evaluate the effectiveness of the course in a form of
paper survey and group interview at the end of each semester. The results of survey and interview
including the grading will be reviewed by the department meeting to evaluate the course’s

effectiveness.

2. naqms‘msﬂsmﬁumsaau - Teaching evaluation strategy
The students will have an opportunity to evaluate the teaching the course in a form of paper
survey and group interview at the end of each semester. The results of survey and interview
including the grading will be reviewed by the department meeting to evaluate the teaching.

3. M5UFUUINI3E0Y - Improvement of teaching
The evaluation from the students including the grading will be submitted to the department
meeting for reviewing and brainstorming to improve teaching of each course. Comments and
suggestions given by the department meeting will be informed to the responsible lecturer of each
course.

a. msmuaaummgmwaﬁqué%aaﬁnﬁnwﬂusw%m - Student’s grade standard review
The grading of this course will be evaluated and reviewed by the Department meeting and the
TGGS executive board meeting in order to verify its appropriateness before the final approval.

5. MSAHUNITNUNIULLELNITIHNUUTUUTIUTEANSNAVRI318791 — Review and plan to

improve course’s effectiveness

The results of the grading evaluation and student evaluation will be submitted to the Department
meeting for reviewing and brainstorming to improve the effectiveness of the offered courses.

Comments and suggestions will be informed to the responsible lecturer of each course.

-15-



