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Customers told us “what keeps them awake” and how they try to solve their 
energy distribution problems nowadays

“A shutdown is the worst 
scenario, so to avoid it we 
implement frequent field 
checks especially for our 
ageing assets”

“To know what is happening I depend 
on specialized personnel, either to 
make a field inspection or to get 
access to the existing system for a 
report, so I simply wait for someone 
available”

“Our maintenance planning is 
based on the providers 
recommendations, I would like to 
adapt the frequency to our real site 
needs to gain reliability”



Frequent visits to 
electrical assets 
to conduct 
preventive 
maintenance

These measures imply the 
following challenges:

• Most of the time manual 
process, which calls for visit 
at site.

• Manual data collection and 
analysis for decision making.

• Dependency on experts with 
domain critical knowledge.

• Risk of overlooking of 
gradual degradation or 
failure not visible at the time 
of inspection.

• The optimization of OPEX & 
improved risk management 
is not taken care of

The most common causes of electrical distribution asset’s failures are well-known and operation/ 
maintenance managers implement several measures to monitor SWGRs, but this implies some 
challenges too.

Shutdowns to 
check components 

and switching 
devices, check 

bolted connections 
(e.g. torque 

measurements), 
cleaning of 

equipment, etc.

Thermal scanning of 
connections through 

portable devices

Visual inspections

Loose 
connection 
and parts

Environment 
conditions (Humidity, 
dust, etc)

Faulty insulation 
(Dielectric 
Problems)

Contributing 
Causes for 
Equipment 

Failure

Faulty Equipment 
(Mechanical, Electrical, 
Electronic)

Source: https://www.hsb.com/TheLocomotive/ElectricalPreventiveMaintenance.aspx 
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Unplanned Shutdowns can be reduced 85% by using a proper condition 
monitoring system

Temperature Monitoring
Can detect loose connections (e.g. bolted busbar connections or 
cable terminations)
and insufficient contacting (e.g. withdrawable VCB)

Loose 
connections,  
e.g. bolts and 
parts

Environment 
conditions 
(Humidity, dust, 
etc)

Faulty insulation 
(Dielectric 
Problems)

TYPICAL 
Causes for 
Equipment 

Failure

Faulty Equipment 
(Mechanical, 
Electrical, 
Electronic) 1

3

2 VCB Monitoring
Can detect faulty VCB mechanism / components (e.g. trip coils, 
spring charge motors, switching time)

Examples of early failure detection
(e.g. slow changes of behavior/ measured values)

Partial Discharge Monitoring
Can detect faulty components / installations (e.g. MV cables, 
insulators, bushings, voltage transformers)

4 Humidity Monitoring
Can prevent condensation and corrosion (which might lead to 
mechanical and electrical failures)



WHAT CAN WE DO ?

Time Based Maintenance on Switchgears

Primary Elements
• AC Pressure tests on Circuit breakers
• Insulation tests on power cables and control 

wires
• Contact resistance tests

Secondary Elements
• Lubricate operating and link mechanism
• Check control wire for loose connections
• Secondary injection tests

Time Based Maintenance on Transformers

Primary Elements 
•Dielectric test on oil 
•Purify oil in main tank or replace if necessary 
•Replace oil in tap changer compartment 
•Ratio test on all tap positions 
•Insulation resistance test 

Secondary Elements
•Calibrate and check gauges & relays 
•Clean cable termination 
•Replace all gaskets 
•Check control wire for loose connections 

Past Time-based maintenance on Small Oil-Volume 
Circuit Breaker 
• Complete overhaul of circuit breaker



TIME BASED MAINTENANCE 

Once a year annual shutdowns
Annual maintenance 

IS IT ENOUGH ?



TIME BASED MAINTENANCE

Uncovered hidden components within 
circuit breaker & bus-bar 
– But It cannot prevent power failures 

WHAT ELSE CAN WE DO. ?



CONDITION MONITORING

We currently conduct manual 
condition monitoring every 6 months 
for 11,000+ stations



CONDITION BASED MAINTENANCE



OUTCOMES OF CONDITION  BASED MAINTENANCE



COSTS AVOIDANCE

Does not include cost of 
unserved power !



SAIDI



SAIFI



What is the role of IoT and Substation Maintenance?

SCADA is necessary for operation

… like a steering wheel.

IoT simplifies operation and 
maintenance

… like driver assistance and fault 
evaluation systems.



Review of Customer pain points

DigitalizationReduce carbon footprint

 Need for a safe, secure, and 
comfortable environment

Less optimized energy saving 
and operational efficiency

Manual & frequent 
preventive maintenance

Missing transparency of 
Electrical distribution assets

Unplanned downtimes

Vendor dependent solutions



Identified use cases & value proposition
Journey from pain points to customer values

Condition Monitoring, 
Predictive Maintenance

Pain points: 
Unplanned shutdown
Manual & frequent preventive 
maintenance
Weak basis to make CAPEX decisions

Customer values:
• Online health status of connected equipment
• Continuous monitoring, instant alarms, early 

warning of upcoming needs for actions
• Accurate diagnosis of possible faults

Energy Monitoring 
Pain points: 
Missing transparency on loads
Missing energy saving potentials

Customer values:
• Visualize energy consumption trends
• Visualize electrical parameters
• Develop performance targets for                   

energy management programs

Asset transparency 
Pain points: 
Missing transparency
Periodical travel to substations
No centralized local/remote HMI
Weak basis to make any decisions

Customer values:
• Real-time sensor data collection
• Support on KPIs to help decision making
• Easy to access

Documentation
Pain points: 
Missing documents, when needed most
Incomplete documents

Customer values:
• Important baseline for continuous 

improvement
• Manuals, drawings & Reports in one 

place

• OPEX saving
• CAPEX deferment
• Risk management
• Sustainability
• Safety, Cybersecurity



Digital Care Taker – Siemens NXpower Monitor
Delivers value to customer’s requirements whilst utilizing our global domain knowledge 

Health Status
Continuous monitoring, instant 
alarms, early warning of upcoming 
needs for actions

Energy 
Monitoring/ 

Sustainability
(e.g. optimization of 

CO2 emission mix)

Documentation
All manuals, drawings and reports 

easily available

Service & Maintenance
Better planning of maintenance, 
implement predictive maintenance

Operational 
Transparency/ 
Benchmarking
Supports with KPIs and facts to 
make decisions

Asset transparency 
Instant access to any location

NXPower

The digital care-taker 

Integrates all substation equipment and is vendor agnostic



IoT connectivity and Condition Monitoring Modular Options available and their Benefits

• Detect the quality of isolation before 
an arc flash is produced. 

• Determine the deterioration of the 
insulation before fatal switchgear 
breakdown and associated power 
outage.

• Aging of the main contact based on 
I2T. 

• Aging on mechanical components 
based on operations.

• Performance based on breaking 
timing. 

• Auxiliary component status based on 
trip coil analysis and motor spring 
charger to identify  potential issues 
on command execution and 
recharge

• Identify local overheating at 
terminals to prevent power outages.

• Awareness of ambient conditions 
that lead to main failures: humidity 
(Dew Point), corrosion, oxidation 

• Main failures start in cable terminals 
resulting from e.g. false mounting, 
cable isolation damage, etc. and can 
be detected by its temperature.

• Get operational insights
• See graphic KPIs
• Energy Benchmarking of equipment
• Asset Transparency anytime from 

anywhere

Asset Transparency
Temperature & 
Humidity Monitoring CB Monitoring PD Monitoring

Operational Data

Monitor Busbar Joints & 
Cables’ Terminations

Monitor Circuit Breaker

Monitor Insulation

Asset KPIs , Operations Insights, 
Op. Counter, Alarms

Health Index, Condition 
Monitoring Time Series, 
Maintenance (Alarms)

Health Index, Maintenance 
(Alarms)

Health Index, Maintenance 
(Alarms)
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its

Minimum Recommended to gain full app insights Optional Optional



Condition Monitoring in GIS - System architecture example

Temp. 
Sensors

PD (HFCT) 
Sensor

C
ab

le
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er
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Hardwiring
MODBUS RTU

Rogowski 
Coil

Dedicated Cable connection

Synchronization cable 

Temperature
Monitoring 

Reader / 
Converter

IEC 61850

Protection Relay

Ethernet Switch 

Loop to next panel

Partial Discharge 
Monitoring 

IoT
Gateway

Environmental
Monitoring 

8DA10

Pressure
Monitoring 

Cloud Application
NXpower Monitor

MODBUS RTU

IEC 61850
Hardwiring

Legends

MODBUS 
TCP/IP

MODBUS TCP/IP

Converter 

PD – Monitoring: Falcon or Customer Solution

PQ – Analysis 
/ Monitoring

Transient Recording
PQ – Analysis – Q200

IEC 61850

Current Transformer

Voltage Transformer

SICAM 
GridEdge

IPC127E

Sentron PAC 3200



RANGOON 22 KV Substation – First Digital Substation

Scheduled Maintenance Condition Based  Maintenance

Condition Monitoring Condition Monitoring

Real Time Condition 
Monitoring

T= 0 T= ? The longer the better

Bi-Yearly Manual Checks

Future - Real Time 
Checks



CONDITION MONITORING - PT AND CT SENSOR



CONDITION  MONITORING – HUMIDITY AND THERMAL SENSOR/CAMERA



WATER SENSOR AND THERMAL SENSOR



Condition Monitoring: Circuit Breaker Monitoring

Crucial component monitoring 
(e.g. Circuit Breaker Monitoring)

▪ Faulty equipment 
e.g. faulty trip coils, VCB 
spring charging mechanism, 
VCB timing

▪ Electrical Lifetime 
of the main VCB contacts 
based on I2t

▪ Mechanical lifetime 
of the VCB based on number 
of operations

CB Monitoring

Assetguard IoT -
VCB monitoring 
data acquisition 
device

CT sensors for AC 
supply

Hall sensors and VCB monitoring device in LV 
Compartment

VCB monitoring 
data acquisition 
device

Hall Sensors 
(monitor currents of 
trip coil , closing coil 
and VCB charging 
motor



Condition Monitoring: Partial Discharge Monitoring

▪ Defective components 
e.g. damaged insulators, 
bushings, voltage 
transformers

▪ Degradation of insulating 
media 
e.g. aging

▪ Faulty manufacturing 
e.g. sharp edges of busbars 
instead of rounded edges

▪ Faulty installation 
e.g. wrong installation of 
voltage transformers at GIS 

▪ Aggressive environment 
conditions 
e.g. ingress of dust and 
moisture

PD Monitoring

AIS: Same Antennas used to receive 
temperature values from SAW sensors will 

be used for partial discharge detection

NXpower Monitor View

HFCT (split core)

PD Monitoring 
unit

Rogowski coil

GIS: Earth screens of all MV cables in a 
feeder through an HFCT (High-frequency-CT) 
and one Rogowski coil per busbar section for 

synchronization.
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▪ IoT Box and its purpose
To contain the Gateway that enables the 
connectivity of the substation data to the 
cloud

▪ Footprint
Wall mounted box - W*D*H: (600*250*600) 
{+/- 10% based on optional components)

▪ Main Components
• Main Processor (CP8021, CP8022, CP8050)
• Power Supply Modules
• I/O
• MCB and Others
• Modem, Antenna 

IOT Gateway

IoT Box & Gateway
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Q&A


