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• Basic understanding of power 
systems (taking HK as example)

• Power system structure: generation, 
transmission and distribution

• Power system operation and safety
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CLP Electricity Output by Generation 
Fuel Type in 2024
• Natural gas (52%)
• Nuclear (31%)
• Coal (16%)

HK Electric Electricity Output by 
Generation Fuel Type in 2025
• Natural gas (68%)
• Coal (32%)



CLP Sustainability Report 2019

Hong Kong Energy Statistics 



CLP Sustainability Report 2019

How power is delivered to our home



How power is delivered to our home

https://www.youtube.com/watch?v=F6YW8h8cML4&ab_channel=PSEGLongIsland



Structure of electric power generation and delivery 
systems 

Power flow



AC or DC power

AC power system (from alternators ):

•Pros: easy to be generated, flexible to be transmitted (power 
delivery with varied voltage level), current interruption, etc.

•Cons: synchronism and stability issue (frequency, voltage, angle 
etc.) 

DC power system (from batteries, solar cell, fuel 
cell, etc.):

•Pros: simple and less stability problem (no reactive power, no 
synchronization issue), fewer transmission lines required over 
long-distance transmission (HVDC), etc.

•Cons: hard voltage transformation, not easy to cut off DC 
current, etc.

Late 1800s

Edison: 110 V 
DC power

In 1891

Westinghouse: application of 
three-phase AC generator

After 1970s

High-Voltage Direct Current 
line (with the advent of 
semiconductor devices)



AC or DC power: Tesla and Edison

https://www.youtube.com/watch?v=wigXYgnaCfI&ab_channel=OneMinuteHistory



AC or DC power



Generation

Faraday's law of induction

Modern steam turbine generator (STG).

• Why 50Hz/60Hz
• engine efficiency

• less noticeable flicker (lighting)

• historical reason: the limitations of 19th century 
material engineering

• Three-phase (T) vs single-phase generator (S)
• T provides greater power density than S at the same 

amperage, keeping wiring size and costs lower.

• T makes it easier to balance loads, minimizing harmonic 
currents and the need for large neutral wires.



Transmission

The Power transmission network of Hong Kong

Photo source: http://www.hk-phy.org/energy/power/elect_phy04_e.html

16,135 km



Transmission lines

• Comparing HVDC (high voltage direct current) and HVAC (high voltage 
alternative current)
• HVDC is used to transmit electricity over long or very long distance by overhead 

transmission lines or submarine cables, because it then becomes economically 
attractive over a conventional AC transmission lines.

➢ DC lines requires 
fewer conductors

Material source:  https://electrical-engineering-portal.com/analysing-the-costs-of-high-voltage-direct-current-hvdc-transmission



Transmission lines

Vibration damper



Transmission lines

• Voltages as high as 500 kV

• Typically three-phase AC

• DC in some special cases

❑Conventional cables 
Large diameter to reduce resistance
Large insulation 

❑Superconductor cables 
No resistance 
Need to be cooled



Distribution

• The final stage in the delivery of electric 
power: from the transmission system to 
individual users.

Utility pole v.s underground cables in a city 

Hong KongJapan



Three-phase overhead lines in local distribution

Note: if three 
phase loads are 
balanced, the 
neutral conductor 
can be removed.

380 V

3
≈ 220 V

415 V

3
≈ 240 V



Three-phase overhead lines in local distribution

Delta Connection



Substations: transformers

A step-up transformer:  
low level power must be 
stepped up for efficient 
electrical power 
transmission.

A step-down transformer: 
steps down the voltage for 
distribution purpose to 
domestic or commercial users.

Voltage level: 500 kV, 110 kV, 230 kV 10 kV, 12 kV, 220 V, 110 V4 kV to 30 kV (depending 

on generator)



Substations: transformers

https://www.youtube.com/watch?v=pDpIoeWDjuM&ab_channel=VisualElectric



The role of 
power company

• to maintain reliable and 
economical (power selling and 
buying) operation of electric 
power systems 

• to build smart grids: more 
intelligent, more efficient, and 
more resilient

System Control Centre monitors our power 

supply systems round the clock in HK Electric System Control Centre at CLP



SCADA: Information systems for power grids

• A Supervisory Control and Data Acquisition (SCADA) system serves for data 
acquisition, monitor and control systems on a wide-area power system

➢ Example of application: peak demand management 

Materials source  www.electricaltechnology.org/2015/09/scada-systems-for-electrical-distribution.html



Components of 
typical SCADA system

• Remote Terminal Units (RTUs)

• real-time programmable logic controllers (PLCs) for 
transmitting sensing and controlling signals 

• Master Terminal Units (MTUs)

• central host servers to perform data processing and 
decision-making

• Communications System

• to transfer data among central host data servers and the 
field data interface devices & control units troughing cables, 
radio satellite, etc.

• Operator Workstations

• computer terminals consisting of standard HMI (Human 
Machine Interface) software for operator to monitor and 
control the remote field parameters. 

Main sources: https://www.electricaltechnology.org/2015/09/scada-systems-for-electrical-distribution.html



Threats to 
power systems

• Failures

• Attacks
• Cyberattacks

• Evolution that changes the 
characteristics

• Power electronics 
penetration



Cascading 
failure

One failure event triggers a series 
of failures leading to large scale 
blackout



Blackouts

Major reasons: extreme weather, apparatus aging, 
human maloperation, software bug in the alarm 
system, cyber-attack, high penetration of power 
electronics…

2003 USA northeast blackout



Cyberattack can lead to cascading failure

2019 Venezuelan blackouts caused by cyberattack

2015 Ukraine blackouts caused by cyberattackControlling and monitoring

Inject computer and 
remotely switching 
substations off, and 
destroying IT 
components

Power network



How to make 
power safe?
Traditional classification of 
power system stability and 
power system protection 
components

P. Kundur et al., "Definition and classification of power system stability IEEE/CIGRE joint task 

force on stability terms and definitions," in IEEE Transactions on Power Systems, vol. 19, no. 3, 

pp. 1387-1401, Aug. 2004, doi: 10.1109/TPWRS.2004.825981.



Synchronous generator 
and self regulation

• Synchronous generators (with strong inertia) working 
together in an electrical grid at an equilibrium point

Picture source: www.nrel.gov/docs/fy20osti/73856.pdf

Events that disturb this balance can 
change the frequency, triggering the 
control to restore it



Synchronous generator 
and renewable energy 
source

Weakness of power grids with more power 
electronics

• Lower system inertia

• Weak frequency control

• High risk to intensify power outage

Frequency deviation response after a disturbance 
occurs in a power system with 100% synchronous 
generators (black triangle) and with 50% wind 
power (blue square). 

C. K. Tse et al., "Circuits and Systems Issues in Power Electronics Penetrated Power Grid," in IEEE 

Open Journal of Circuits and Systems, vol. 1, pp. 140-156, 2020, doi: 10.1109/OJCAS.2020.3020633.

50% wind power
100% synchronous generators



Global energy supply trends

Electricity generation by sources 1990-2018

Data source: https://www.iea.org/fuels-and-technologies/electricity

COAL

NATURAL GAS

NUCLEAR

HYDRO

OIL

What is renewable energy? --- SOLAR ENERGY; WIND ENERGY; 
GEOTHERMAL ENERGY; HYDROPOWER; OCEAN ENERGY; BIOENERGY

World net electricity generation from renewable energy



The Largest solar PV plant, USA (550 MW, 9 billion solar panels)
The largest biomass plant, Finland (950 MW)

The largest wave power plant, Portugal (2.25 MW)

The largest wind farm, Gansu, China (6,000 MW) The largest hydroelectric dam, Three Gorges, China (22,500 MW)

The largest 
renewable 
energy 
projects in 
the world



Top 20 Country by Renewable Electricity 
Production (1960-2018)

https://www.youtube.com/watch?v=rugrDueew1Q&ab_channel=WawamuStats



Installed renewable energy capacity worldwide in 2024

https://www.youtube.com/watch?v=rugrDueew1Q&ab_channel=WawamuStats



Some
References

1. J. Grainger, W. Stevenson, and G. W. Chang, 
Power System Analysis, Second Edition, McGraw-
Hill, New York, 2015.

2. M. E. El-Hawary, Introduction to Electrical Power 
Systems, Wiley & IEEE Press, New York, 2008.

3. J. D. Glover, T. J. Overbye, and M. S. Sarma, 
Power System Analysis & Design, Sixth Edition, 
Cengage Learning, 2017.

4. C. K. Tse, Linear Circuit Analysis, London: 
Addison-Wesley, 1998.


	Slide 1: EE3123 Introduction to  Electric Power Systems    Overview of Power Systems
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7: Contents
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12: Structure of electric power generation and delivery systems  
	Slide 13: AC or DC power
	Slide 14: AC or DC power: Tesla and Edison
	Slide 15: AC or DC power
	Slide 16: Generation
	Slide 17: Transmission
	Slide 18: Transmission lines
	Slide 19: Transmission lines
	Slide 20: Transmission lines
	Slide 21: Distribution
	Slide 22: Three-phase overhead lines in local distribution
	Slide 23: Three-phase overhead lines in local distribution
	Slide 24: Substations: transformers
	Slide 25: Substations: transformers
	Slide 26: The role of power company
	Slide 27: SCADA: Information systems for power grids
	Slide 28: Components of typical SCADA system
	Slide 29: Threats to power systems
	Slide 30: Cascading failure
	Slide 31: Blackouts
	Slide 32: Cyberattack can lead to cascading failure
	Slide 33: How to make power safe?
	Slide 34: Synchronous generator and self regulation
	Slide 35: Synchronous generator and renewable energy source
	Slide 36: Global energy supply trends
	Slide 37: The largest renewable energy projects in the world
	Slide 38: Top 20 Country by Renewable Electricity Production (1960-2018)
	Slide 39: Installed renewable energy capacity worldwide in 2024
	Slide 40: Some References

