


POWER SYSTEM
OPERATION & CONTROL

TEACHING MODULE

FIRST
EDITION



.



POWER SYSTEM
OPERATION & CONTROL

TEACHING MODULE

Faculty of Electrical & Electronics Engineering
Universiti Malaysia Pahang

MOHD HERWAN SULAIMAN
MUHAMMAD IKRAM MOHD RASHID
OMAR ALIMAN

Publisher
Universiti Malaysia Pahang

Kuantan
2017



Copyright     Universiti Malaysia Pahang, 2017

First Published, 2017

Published By:
Publisher

Universiti Malaysia Pahang
Lebuhraya Tun Razak, 26300 Gambang

Kuantan, Pahang Darul Makmur
Tel: 09-549 3273  Fax: 09-549 3281

Printing:
Percetakan Permata MTS Sdn. Bhd. (323416-M)

E-1283 Jalan Wong Ah Jang,
25100 Kuantan, Pahang

Tel : 09 - 5131569     Fax : 09 - 5135087
Email : permatamts@gmail.com

Mohd. Herwan Sulaiman
POWER SYSTEM OPERATION& CONTROL : TEACHING MODULE / MOHD
HERWAN SULAIMAN, MUHAMMAD IKRAM MOHD RASHID, OMAR ALIMAN.
ISBN 978-967-2054-61-0
1. Electric power systems.  2. Electrical engineering.  3. Electronics.  4. Government
publications--Malaysia.  I. Muhammad Ikram Mohd Rashid.  II. Omar Aliman, 1956-.  
IV. Title.
621.31

Copyright     Universiti Malaysia Pahang, 2017

First Published, 2017

Published By:
Publisher

Universiti Malaysia Pahang
Lebuhraya Tun Razak, 26300 Gambang

Kuantan, Pahang Darul Makmur
Tel: 09-549 3273  Fax: 09-549 3281

Printing:
Percetakan Permata MTS Sdn. Bhd. (323416-M)

E-1283 Jalan Wong Ah Jang,
25100 Kuantan, Pahang

Tel : 09 - 5131569     Fax : 09 - 5135087
Email : permatamts@gmail.com

Mohd. Herwan Sulaiman
POWER SYSTEM OPERATION& CONTROL : TEACHING MODULE / MOHD
HERWAN SULAIMAN, MUHAMMAD IKRAM MOHD RASHID, OMAR ALIMAN.
ISBN 978-967-2054-61-0
1. Electric power systems.  2. Electrical engineering.  3. Electronics.  4. Government
publications--Malaysia.  I. Muhammad Ikram Mohd Rashid.  II. Omar Aliman, 1956-.  
IV. Title.
621.31



v 

 
 

CONTENTS 
 
PREFACE            vii 
ACKNOWLEDGMENT          ix 
 
CHAPTER 1: INTRODUCTION TO POWER SYSTEM OPERATION & CONTROL 
 1.1 Introduction          1 
 1.2 Structure of Power System        1 
 
CHAPTER 2: POWER SYSTEM GENERATION 
 2.1 Thermal Power Generation        5 
 2.2 Hydropower Generation        6 
 2.3 Wind Power Generation        7 
 2.4 Other Power Generation                  8 
  2.4.1 Large Scale Solar Thermal Plants                8 
  2.4.2 Photovoltaic Plants and Domestic Applications              9 
  2.4.3 Tidal Power Generation                 10 
  2.4.4 Ocean Thermal Power Generation (OTEC)               12 
 
CHAPTER 3:  ECONOMIC DISPATCH POWER SYSTEM OPERATION 
 3.1 What is Economic Dispatch                          13 
 3.2 Mathematical Formulations                 13 
  3.2.1 Power Balanced Constraints                14 
  3.2.2 Prohibited Operating Zones                 14 
  3.2.3 Ramp Rate Limits                 15 
 3.3 Methods for Solving ED Problems                16 
  3.3.1 Analytical Technique                  16 
  3.3.2 Iterative Technique                 18 
  3.3.3 Iterative Technique Considering Losses and Practical Constraints  23 
 3.4 Steps for ED Calculations Using Iterative Method               27 
  3.4.1 ED Solution Using Iterative Method               29 
 3.5 Solving ED using Other Techniques                 31 
  3.5.1 Lambda-Iterative Technique                31 
  3.5.2 Gradient Technique                  32 
  3.5.3 Newton Technique                  35 
 
CHAPTER 4: ACTIVE POWER AND FREQUENCY CONTROL 
 4.1 Introduction                    39 
 4.2 Dependence between Power (Real) and Frequency              41 
 4.3 Effect of the Variation of System Frequency               42 
 4.4 Turbine Generator Characteristics                 42 
 4.5 Division of Load between Two Generators                45 
 4.6 Power-Frequency Control in Interconnected Power System                        46 
 4.7 Single Area Analysis in Steady State Condition               47 
 4.8 Tie-line Model                   50 
 
 
 

Copyright     Universiti Malaysia Pahang, 2017

First Published, 2017

Published By:
Publisher

Universiti Malaysia Pahang
Lebuhraya Tun Razak, 26300 Gambang

Kuantan, Pahang Darul Makmur
Tel: 09-549 3273  Fax: 09-549 3281

Printing:
Percetakan Permata MTS Sdn. Bhd. (323416-M)

E-1283 Jalan Wong Ah Jang,
25100 Kuantan, Pahang

Tel : 09 - 5131569     Fax : 09 - 5135087
Email : permatamts@gmail.com

Mohd. Herwan Sulaiman
POWER SYSTEM OPERATION& CONTROL : TEACHING MODULE / MOHD
HERWAN SULAIMAN, MUHAMMAD IKRAM MOHD RASHID, OMAR ALIMAN.
ISBN 978-967-2054-61-0
1. Electric power systems.  2. Electrical engineering.  3. Electronics.  4. Government
publications--Malaysia.  I. Muhammad Ikram Mohd Rashid.  II. Omar Aliman, 1956-.  
IV. Title.
621.31

Copyright     Universiti Malaysia Pahang, 2017

First Published, 2017

Published By:
Publisher

Universiti Malaysia Pahang
Lebuhraya Tun Razak, 26300 Gambang

Kuantan, Pahang Darul Makmur
Tel: 09-549 3273  Fax: 09-549 3281

Printing:
Percetakan Permata MTS Sdn. Bhd. (323416-M)

E-1283 Jalan Wong Ah Jang,
25100 Kuantan, Pahang

Tel : 09 - 5131569     Fax : 09 - 5135087
Email : permatamts@gmail.com

Mohd. Herwan Sulaiman
POWER SYSTEM OPERATION& CONTROL : TEACHING MODULE / MOHD
HERWAN SULAIMAN, MUHAMMAD IKRAM MOHD RASHID, OMAR ALIMAN.
ISBN 978-967-2054-61-0
1. Electric power systems.  2. Electrical engineering.  3. Electronics.  4. Government
publications--Malaysia.  I. Muhammad Ikram Mohd Rashid.  II. Omar Aliman, 1956-.  
IV. Title.
621.31



vi 

CHAPTER 5: REACTIVE POWER AND VOLTAGE CONTROL 
 5.1 Introduction                    55 
 5.2 Generation and Absorption of Reactive Power               56 
 5.3 Relation between Voltage, Power and Reactive Power               56 
 5.4 Power Transfer and Reactive Power                58 
 5.5 Calculation of Sending and Receiving Voltages in terms of              60 

Power & Reactive Power 
 5.6 The Operation of a Generator on Infinite Bus              62 
 5.7 Methods of Voltage Control                 66 
  5.7.1 Shunt Reactors                 67 
  5.7.2 Shunt Capacitors                 68 
  5.7.3 Series Capacitors                 68 
  5.7.4 Synchronous Condensers                69 
  5.7.5 Static VAR Compensators                70 
  5.8 Tap-changing Transformer                70 
 
REFERENCES                     77 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



vii 

 
 

PREFACE 
 
Alhamdulillah, we would like to express our gratitute to Allah for giving us strength towards 
the successful completion of this teaching module. This teaching module purposely prepared to 
facilitate the teaching and learning process for course BEE4173 Power System Operation & 
Control which is offered to undergraduate students at the Fakulti Kejuruteraan Elektrik & 
Elektronik (FKEE) Universiti Malaysia Pahang.   
 

The quality of this edition will be improved from time to time based on the feedback 
received from the teaching and learning activities. The circulation of this module is limited only 
to the area or premises of Universiti Malaysia Pahang and with the permission from the authors.  
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