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“If the rate of change outside your
organization is greater than the rate of change
inside your organization, the end is in sight.”

Jack Welch ex-CEO General Electric

Landscape of the Energy Business is 
Reshaping
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Challenging Project 

in Comprehensive Asset Life Cycle Management ?
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Zero Power Equipment Failure
Improve Power Supply Reliability

Challenging Project :
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IIoT
of Big Data Applications

is the best solution in 
Condition Monitoring & Assessment System



Transmission & Distribution 
Power Systems 
in Hong Kong

Source: YT Chan’s Information Management System



7

Residential 

Building

Industrial Building Commercial Buildings

Distribution Network (11kV Ring System)

Transmission Network

132/ 11kV S/S400kV S/S
Transmission 

Line

Remote 

Customers

Generation

Source: YT Chan’s Information Management System

Typical Electrical Power Transmission & Distribution Systems 
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1. Energy in the form of oil, coal, or gas is applied to
power station.

2. Energy is converted from thermal into electrical
energy by generator.

3. Electrical energy is transmitted from power
station to urban area by high voltage system, i.e.
400kV for CLP and 275kV for HKE.

5. The 132kV is further stepped down to three phase
11kV and/or 22kV by step down transformer
when supply to small industries or commercial
buildings.

6. Further stepped down to three phase 380V and
220V single phase supply is transmitted to
household clients by low voltage cables.

Energy

4. The high voltage is stepped down to three phase
132kV by step down transformer.

Electricity 

Transmission

Electricity 

Distribution

Typical Electrical Power Transmission & Distribution Systems 
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What is a Power Transformer ?
A Power Transformer is  :

o a static device 

o Transfers electrical energy

o from one circuit to another 
circuit

o varying voltage from primary
winding to secondary winding.

o varying current from primary
winding to secondary winding.

o Operating in safe manner 
under various conditions in 
power network. 

Source: YT Chan’s Information Management System
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Inductive coupling

Electrical Circuit

Magnetic Circuit

Abnormal Operations

Rating & Loading

Voltage Regulation

Condition Monitoring



Operations of Power Transformer

• Main Parts
• Steel

• Copper

• Insulating Oil

• Insulating Paper

• Operational Stress
• Electrical

• Thermal

• Mechanical

• Chemical

240MVA 400/132kV 
Transformer

file://Npwrssp10/psbg/Proj/Learning Cafe/2017 Technical Seminar/01_Technical_Seminar_Final_Version/Learning_Cafe/01_Transformer.wmv
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Asset of Power Transformer and Failure Mode

Information Source : Doble

file://Npwrssp10/psbg/Proj/Learning Cafe/2017 Technical Seminar/01_Technical_Seminar_Final_Version/Learning_Cafe/LC_201709b_CM.wmv


Fault Analysis – Cigre WG A2.27 , No. 261

Transmission Power Transformers

Winding

45%

Lead Exit 7%

Insulation

1%

Bushings

17%

Core and magnetic

circuit

3%

Tap Changer 26%

Other

1%



Power Transformer : Condition Monitoring & Assessment 

Systems under Smart Grid Operations

➢ Service life of 50 years is required for Power transformers operating in power

system.

➢ Power transformers are subjected to different levels of dielectric, thermal,

mechanical and chemical impacts

➢ Failure of power transformer hamper the power system performance and post

hazards to the working personnel.

➢ Effective condition monitoring, assessment and diagnostic techniques under

smart grid operations are required to identify these problems at an early stage

for just-in-time maintenance.

Just-in-time maintenance

Diagnostic 
techniques

Assessment

Effective 
condition 

monitoring



Power Transformer : Condition Monitoring & Assessment 

Systems under Smart Grid Operations

➢ Power transformer condition assessment under smart grid operations requires a great

variety of state-of-art technologies to be applied.

➢ embark on a number of advanced condition monitoring systems under smart grid

operations for power transformers including

❖ partial discharge detection and location,

❖ dissolved gas analysis,

❖ winding movement and deformation detection,

❖ furfural concentration measurement, etc.

Design

Construction

OperationMaintenance

Disposal
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IIoT
of Big Data Applications

is the best solution in 
Condition Monitoring & Assessment System
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Smart Convergence 智慧滙萃

https://www.google.com.hk/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwix6_f8nrfUAhVDpJQKHREhDzcQjRwIBw&url=https://www.youtube.com/watch?v%3D-18W84_pBYk&psig=AFQjCNGNmsDjTzPQ-xvrg2Hq6XDxp2hfxA&ust=1497320182158519
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Asset of Power Transformer and Failure Mode

How to prevent Failure 
in Power System ?

Zero Power Equipment Failure
Improve Power Supply Reliability

file://Npwrssp10/psbg/Proj/Learning Cafe/2017 Technical Seminar/01_Technical_Seminar_Final_Version/Learning_Cafe/LC_201709b_CM.wmv
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Specialist Skills to Lead Smart Convergence 

Information Source  :
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Big Data Characteristics
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Brings together brilliant 
machines, advanced analytics, 
and people at work.

The network of a multitude of devices 
connected by communications technologies.

Can monitor, collect, exchange, 
analyze. 

Deliver valuable new insights

Help drive smarter, faster business 
decisions for industrial companies.

Industrial 
IoT
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Condition Monitoring(CM) to 
Condition Based Maintenance(CBM)

Find out 
Asset 

Failure 
Mode and 

Its Root 
Cause

Output from Artificial Intelligence



Page 
25

Conditional Based Maintenance (CBM)
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“I conceive that the 
great part of the 
miseries of mankind are 
brought upon them by 
false estimates they 
have made of the value 
of things” - Benjamin Franklin 

28



“Price is what you pay; 
value is what you get” -

Warren Buffett. 
•

29
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Failure Modes

31

Bathtub Failure Curve is assumed:

✓ Time based maintenance

✓ Periodic Monitoring



Failure Modes

32

68% of Equipment - infant mortality and random failure:

✓ Detective monitoring

✓ Online continuous monitoring, especially early years
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Realization by Value in 

Advanced Condition Monitoring Systems under IIoT

34

• Early warning of potential failure

• Auto data collection & expert systems

• Better use of skilled resources

• Increased asset utilisation – we can get more from it

• Better asset decision making

• Lower maintenance costs

• Higher reliability

• Condition Based Maintenance



Drivers for Online Condition Monitoring

35 Information sources of Cigre Survey 



Industry Practices for Online Condition Monitoring

36 Information sources of Cigre Survey 



The outcome for Online Condition Monitoring

37 Information sources of Cigre Survey 
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