
Distribution Transformer Monitoring

Appropriate Metering Solutions for 

1) Loss Reduction

2) Asset Maintenance
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Introduction



Distribution transformers

• Converts MV to LV  in a typical distribution grid

• Pole or plinth mounted or mini-substation type

• Maintenance and monitoring should be 

undertaken to avoid transformer damage or 

failure

• Operating Conditions have a large impact on the 

longevity and possible failure
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Class 0.2 / Class 0.5 Class 0.5 / Class 1.0Distribution 

Transformers 

are not 

metered !!

Utility Metering System

Generation Distribution

Loss* : 3-5% Loss*: 6-10%

Metering is done at Generators, Feeders and Consumers to measure losses

Transmission

Class 0.2

*The above losses are based on global averages 

and vary in each country / utility
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Class 0.2s / 0.5s Class 0.5s / Class 1.0

Distribution 

Transformers 

are not 

metered !!

Metering at Buffalo City Municipality

Buffalo City MunicipalityESKOM



• Electricity is supplied via 31 supply points

located at Buffalo/Stafford, Mdantsane,

Pembroke, Port Rex, Stoneydrift and

Woodbrook

• Installed base of ±1800 Transformers

covering ± 46 localities (load centers) in

the Buffalo City administered area

• Ratings of these transformers vary from

5kVA to 1600kVA

• These transformers have been further

categorized as per installation type:

o Pole Mounted : 551

o Floor Mounted : 412

o Mini Sub : 836

o Total Consumers > 90,000

16% 16% 14%

17% 18%

22%

17%

23%

20%

9% 9%
8%

11% 11%

16%

11%

17%
14%

2013-14 2014-15 2015-16 2016-17 2017-18 2018-19 2019-20 2020-21 2021-22*

Total Loss Non Technical Loss

• Technical Loss: Constant ~ 6%

• Non Technical Losses are around 15%* over 

past 3-4 years (excl. 2019-20)

(NERSA standards specify this to be between 5-12%) 

Source: Inputs from Buffalo Municipality

Source: Presentation by Buffalo @ SAPRA event Jun/Jul-2022

Buffalo City Municipality: At a Glance
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Why do we need to Meter Transformers



Transformer Failure Analysis



Transformer Failures: Fishbone Analysis 

External 

factors

Poor 

Quality

Faults

Accidents

Damage

Lightning 

strikes 

Broken 

Bushing 

System Issues
(Operating environment)

Overloading

Unbalance /

Others

Mechanical

Design

Workmanship

Voltage 

Spikes

Vandalism

Foreign 

Objects

Poor PF

Neutral 

Current

These are social or technical attributes and 

are dealt accordingly by municipalities How can meters help us here!!

Site 

Conditions



Transformer Metering: Energy 

Accounting Studies



“Appropriate Metering” can help with:

– Energy audits (identify loss pockets)

– Network Strengthening by linking 

customers to respective transformers 

and Feeder

– Monitoring and Maintenance

– Audit compliance

– Customer Satisfaction
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• Feeders and consumers are metered 

• Transformer metering is the missing piece of the puzzle in order to 
perform studies on losses

Why do we need to Meter Transformers
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Each meter is a data logger

Actionable Reports creates intelligence from 

the meter data

Meter Data or Actionable Reports



• T&D loss and commercial loss

• Network segment wise losses

• Substation losses

• Feeder to DT

• DT to consumer

• Area wise losses

• Web portal to access reports

Feeder loss report

• Identify high loss area/network

• Suggest corrective actions to be taken by utility

• Closely work with utility to improve Feeder/DT to 

consumer tagging

DT metering 

can help 

identifying the 

loss pocket on 

the feeder/area

(refer to Grid 

code)

Service: Energy Accounting, Identify Loss



Customers are linked to each transformer 

and collection performance monitored

Energy Mismatch at each 

transformer level is monitored

Future linkage with 

Collection Efficiency and 

AT&C losses 

Transformer – Consumer Loss Report



Management Information System (MIS) 

Reporting for Maintenance and 

Monitoring
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11%
15%

14%

14%

10.5%

0.5%

1%

4%
5%

60%

Kenya: Transformer Failure & Concerns



The following reports are produced  to address the requirements

– Unbalance Reports (Voltage and Current)

– Operation & Reliability Report

Health Reports from Transformer Meters

Let us review these reports



Voltage Unbalance



Zoom in

Voltage Unbalance Report



Let’s investigate this 

scenario

This is the area of attention for 

the operations team

Voltage Unbalance Report
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While Voltages are generally high, the 

high voltage violation occurs for only a 

small percentage of time 

Unbalance Report: Voltage Analysis…

3%
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Unbalance Report: Voltage Analysis…

This is an occasional event and 

hence no action is required



Current Unbalance



Unbalance Report: Current(A) Analysis

Zoom in



The maximum and 

minimum current just 

tells about loading & 

load variation in each 

Distribution  

Transformer. 

This is not an indicator 

of unbalance !!

Unbalance Report: Current(A) Analysis

This is the area of 

interest/attention for 

the operations team



Unbalance Report: Current(A) Analysis

The unbalance has 

to be measured 

over a period of 

time in order to 

undertake 

maintenance 

activity



Unbalance Report: Neutral Current(A) Analysis

High neutral current 

indicates danger of 

floating Voltages for 

consumers unless 

there is: 

• A full rated 

neutral conductor

• Proper earthing

This requires month 

on month analysis



Operation and Reliability Report



Operation & Reliability Report…

Zoom in



Transformer is overloaded

The pattern is consistent over the month

An immediate action on the 

transformer has to be initiated

(Upgrade / Replacement )

Operation & Reliability Report…



PF at the transformer is constantly low. 

Inspection on the nature of load in the 

area is recommended.

Count and Duration of Power Failure: 

Used for SAIFI / SAIDI / CAIDI 

Grid code mandates reporting on these parameters

All transformers recorded > 18 interruptions

• 18 interruptions for 17:00 hrs can be associated with 

upstream failure

• Transformers >18 interruptions can be associated with 

additional downstream failure

Operation & Reliability Report…



• Distribution Transformer Metering is not just kWh metering

• A meter at a transformer backed with suitable application 

can help with: 

– Monitoring

– Maintenance

– Audit compliance

– Feeder – DT- Customer linkage

– Energy audits

– Customer satisfaction
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“Appropriate Metering” 

backed by  “MIS reporting” 

services is the key

Benefits of Metering Transformers



Solution



Transformer loading trend

Phase unbalancing 

Supply quality & reliability

Segregation of upstream  & 

downstream reliability

Fault identifications

Load flow studies

Monitor Reactive energy

Objectives of DT meter
Meters are designed considering 

these requirements / application.

Services offered for more than 

300,000 Distribution 

Transformers

Appropriate metering (DT Meter feature)



Alternate meter reading 

provision for missing data

For utility : Access 

dashboard /reports

Databases 

servers 

(Main/backup)

Data 

acquisition 

and analysis 

application

DATA CENTER

Application 

servers 

(Main/backup)

Users

GPS Clock

GPRS

Distribution 

transformer

Internet Mobile 

app.

Web 

portal

Meter + 

modem

System Architecture

http://172.16.15.121:81/brandstand/files/cache/af382fd3dde2bbe26ce81c6845f0268d_f118.png
http://172.16.15.121:81/brandstand/files/cache/af382fd3dde2bbe26ce81c6845f0268d_f118.png
http://172.16.15.121:81/brandstand/files/cache/af382fd3dde2bbe26ce81c6845f0268d_f118.png
http://172.16.15.121:81/brandstand/files/cache/af382fd3dde2bbe26ce81c6845f0268d_f118.png


Feeder/Distribution Transformer health monitoring 
Web Portal for monitoring

• Daily Feeder/DT health parameter monitoring

• Feeder/DT consumption

• DT phase unbalancing

• Feeder/DT over loading and under loading

• Feeder/DT outage

Web portal (sample view)

Area selection

Graphical 

representation

Tabular 

representation

Software as a Service



Conclusion



• Feeder & DT metering supply & 

installation

• AMR and data analysis

• Feeder wise loss assessment

• Feeder/DT health analysis

• Field & data centre services

Scope of work

• Distribution Transformer :  ~5,000

• Feeders : 560

• Substations : 90

• Consumers : ~500,000

Area of Supply

Benefits

Case studies : Northern India Utility
>20% reduction 

in failure rate

Reduction in 

Overloaded/ Unbalance 

by regular monitoring



• Feeder & DT metering supply & 

installation

• Monthly reading and data 

analysis

• Total and commercial loss

• Feeder/DT health analysis

Scope of work Benefits
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Trend of technical & commercial 
losses (%)

Source: Press Information Bureau, Government of 

India, Ministry of Power in 2013.

• Reduces technical & commercial losses from 

43.4% to 27.2% in 4yrs.  

• Maintain losses in the range of 28%-32% 

between FY12-FY2015.

• DT health monitoring in terms of DT phase 

unbalancing and over/under loading.

• Distribution Transformer : 28,000

• Feeders : 3500

• Admin areas : 5 zones/65 divisions

• Consumers : 2.2 million

Area Covered
20% loss 

reduction

Case Study: Eastern Indian Utility

15% loss 

reduction

Continuous monitoring is the key!!



41

“Appropriate Metering” backed by “Actionable Service Reports” can 

help municipalities in improving overall system efficiency

Transformers are Eyes and Ears of any Municipality

Conclusion
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