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COURSE  DESCRIPTION
	1. Course title: Power system Operation
	2. Course code  Es1-O4d-VI

	3. Validity of course description: 2018/2019

	4. Level of studies: BA, BSc programme / MA,MSc programme or 1st cycle / 2nd cycle of higher education

	5. Mode of studies:  intramural studies / extramural studies

	6. Field of study: electrical engineering
	(FACULTY SYMBOL) RE

	7. Profile of studies: general academics

	8. Programme: Technical and Diploma Subjects - electives

	9. Semester: VI 

	10. Faculty teaching the course: Institute of Power System and Control

	11. Course instructor: Marcin Niedopytalski, PHD, Eng

	12. Course classification: Electrical Power Engineering (EPE)

	13. Course status: compulsory /elective

	14. Language of instruction: English

	15. Pre-requisite qualifications:  circuit theory, introduction to electric power, operational safety of electrical devices. Student should understand the basic physical phenomena in electrical engineering, be able to calculate currents, voltages, powers in simple circuits, knows basic principles of the power system operation.

	16. Course objectives: Student has obtained the knowledge on: the field of power system operation, power system components, voltage and reactive power regulation, frequency and active power regulation (primary, secondary and tertiary control), automatic frequency and active power control systems, reactive power generation and reactive power flow, characteristic features of flexible AC transmission systems (FACTS),

control algorithms and dispatcher support at the system level, at the area level and at the distribution networks level in different operating states, strategy of defense and restitution of the power system, SCADA / EMS systems for controlling the power system.

	17. Description of learning outcomes:

	Nr
	Learning outcomes description
	Method of assessment
	Teaching methods
	Learning outcomes reference code

	1.
	Student understands principles of the power system operation, knows basic power system components
	Written test
	lecture
	K1A_W14++

K1A_W15+

	2.
	Student understands principles in the field of voltage and reactive power regulation, frequency and active power regulation
	Written test
	lecture
	K1A_W08+

K1A_W14++

	3.
	Student knows control algorithms and dispatcher support at the system level, at the area level and at the distribution networks level in different operating states
	Written test
	lecture
	K1A_W06+

K1A_W14++

K1A_W15+

	4. 
	Student understands characteristic features of flexible AC transmission systems
	Written test
	lecture
	K1A_K02+

K1A_K07+

	5.
	Student knows basic of strategy of defense and restitution of the power system
	Written test, checking questions and preparation of the theme of seminary
	lecture,

seminars


	K1A_W14++

K1A_W16+

	6.
	Student knows construction and understands the functions of selected elements of the power system, the functions of the EMS software for controlling the power system.
	checking questions and preparation of the theme of seminary
	seminars
	K1A_W08+

K1A_W14++

K1A_U27+

	7.
	Student is able to prepare and present a short presentation on the results of the engineering task
	Preparation of the theme of seminary
	seminars
	K1A_U01+

K1A_U04++

	18. Teaching modes and hours
Lecture /  BA /MA Seminar / Class / Project / Laboratory
30 h lecture / 15 h seminar 

	19. Syllabus description:
lectures

       Characteristics features of the power system (PS). Power systems in Europe and in the world. Cooperation on ENTSO-E. Functional and territorial subsystems of PS. Parameters PS  - components, structural, work. Correlation of PS parameters. PS states. Tactical and strategic control of PS. Reliability of the power supply system in terms of control in European and Polish systems. Quality of electricity. Issues of state estimation, decomposition possibilities. Active power in PS, its reserves and balancing. Reactive power in PS and its balancing. Operating conditions of the components of the power system in static and dynamic states. Modeling of the transmission system. Voltage and reactive power control in PS - objects, tasks and realization. Methods of voltage control and their effectiveness. Connection of voltage control and reactive power compensation. Voltage and reactive power control in the national PS, current state, assumptions of development. Frequency and active power control in PS. 
Goals and criteria for frequency control in isolated and integrated power systems. Governor and characteristics of generator units. Primary control of frequency and active power, tasks and realization. Secondary frequency control, central system controller tasks (LFC). Tertiary control, goals and realization. Automated frequency and active power control systems, reactive power generation and distribution, and voltage regulation in node systems. Optimizing PS operation in economic terms. Criteria for the selection of power plants operation and their updating in the electricity market. Quantities influencing power flow in the transmission line. Static and machine power system components. Characteristics of Flexible AC Transmission Systems (FACTS). Types and conditions of operation of static compensators VAR, STATCOM and other FACTS. SVC static compensator, VSC voltage source converter, SVG static compensator, SMES superconducting power supplies, Braking resistors BR, Series capacitors SSC, CSC, series compensator SSSC, Transformer with series and parallel regulation PST. Application of FACTS technology to control transmission line impedance. Unified Power Flow Controllers UPFC. Analysis of possibility and purpose of installing FACTS in national power systems. 
seminars

       Sources and circuits of excitation of synchronous generators. Governors for generating units. Models and substitute schemes of synchronous generators. Angle characteristics of generators and single-machine power systems. Voltage characteristics of PS nodes. Current compensation of voltage regulators. Dynamical characteristics of generators and power systems. Asynchronous operation and resynchronization of generators in PS. Plans for the development of power systems in the Baltic Sea region. Alternative sources of electricity. System Restitution Scenario (example) The biggest failure of a power plant in the history of national power systems. Biggest blackouts. Largest power plants in the world. Design of island systems, proposals for actions in the field of defense and restitution of the power system. Configurations of thyristor bridge systems used in FACTS.

	20. Examination: No semester …

	21. Primary sources:

1.
A. J. Wood and B. F. Wollenberg: Power Generation, Operation and Control, 3nd edition, Wiley Interscience, 2013,
2.  
A. S. Debs: Modern Power Systems Control and Operation, Springer US, 1988,

3.
P. Kundur: Power System Stability and Control, McGraw-Hill, 1994
4.
Y.-H. Song, A.T. Johns: Flexible AC Transmission Systems (FACTS), 1999

	22. Secondary sources:
1.
Y. Hase: Handbook of Power System Engineering, John Wiley & Sons Ltd, England, 2007,

2.
"UCTE Operation Handbook", v 2.5E, the 20th of July 2004.

	23. Total workload required to achieve learning outcomes
Lp.

Teaching mode :
                  Contact hours / Student workload hours
1

Lecture
30/30
2

Classes
/

3

Laboratory
/

4

Project
/

5

BA/ MA Seminar
15/15
6

Other
/

Total number of hours
45/45


	24. Total hours:90

	25. Number of  ECTS credits: 3

	26. Number of ECTS credits  allocated for contact hours: 2

	27. Number of ECTS credits  allocated for in-practice hours (laboratory classes, projects): 0

	26. Comments:




Approved:

…………………………….


…………………………………………………

(date, Instructor’s signature)



(date , the Director of the Faculty Unit signature)
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