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Smart Asset Management:

Digital Power Transformers

Corné Dames is the Managing Director of
Independent Transformer Consultants, always striving to keep on top of new developments and research. She has expertise
as Laboratory Manager in the analysis of
transformer oils and as diagnostician identifying problem areas in transformers, as well
CU RTQƒNKPI QH VTCPUHQTOGTU CEEQTFKPI VQ
available results thus empowering the customer to take preventative steps in maintenance. Corné has vast practical and theoretical knowledge on reliability maintenance
programs. Coming from a strong chemical
background she has insight in all the chemical processes that is part of the transformer
system coupled with technical insight helps
customers optimize their reliability maintenance and electrical asset lifetime.
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Digitalization is all about managed control.
3RZHUWUDQVIRUPHUVDUHWKHNH\
components in the electrical grid and
as such they are subjected to various
VWUHVVHV̰WKHUPDOPHFKDQLFDODQG
electrical. These stresses are the
UHDVRQVZK\WUDQVIRUPHUVDJH
The global population of electrical
SRZHUWUDQVIRUPHUVLVDJHG

&XUUHQWO\LIWUDQVIRUPHUVGRFRPH
HTXLSSHGZLWKVHQVRUVWKHVH
sensors can only provide an alarm
after the condition of the transformer
has already started to deteriorate.
This makes evaluation of the
transformer’s health a complex and
challenging task.

Introduction
Digitalization is the addition of
remotely connected sensors to
a single system. It is the use of
unforeseen data relationships from
multiple sources to change the value
proposition or business model for a
VSHFLͤFVHFWRURUDSSOLFDWLRQ

Digitalization is the cause of large
VFDOHDQGVZHHSLQJWUDQVIRUPDWLRQV
DFURVVPXOWLSOHDVSHFWVRIEXVLQHVV
providing unparalleled opportunities for
YDOXHFUHDWLRQDQGFDSWXUHZKLOHDOVR
representing a major source of risk.

Digitalization is the cause of large
VFDOHDQGVZHHSLQJWUDQVIRUPDWLRQV
across multiple aspects of business,
providing unparalleled opportunities for
YDOXHFUHDWLRQDQGFDSWXUHZKLOHDOVR
representing a major source of risk [1].
In our industry, this route of
GLJLWDOL]DWLRQLVIROORZHGWRHQVXUH
UHOLDELOLW\DQGPD[LPXPOLIHWLPH̰WKH
transformer condition is monitored
continuously and evaluated for
appropriate asset management
decisions. Asset management
QHHGVWREHERWKFRVWHIIHFWLYH
and reliable, sensing solutions
WKDWSURYLGHDVVHWPDQDJHUVZLWK
actionable intelligent data.
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There is a global consensus to
urgently reduce carbon emissions
WRDVVLVWLQWKHͤJKWDJDLQVWJOREDO
ZDUPLQJ%HFDXVHWKHSRZHULQGXVWU\
VWLOOXVHVQRQUHQHZDEOHVRXUFHV
such as coal, oil, and natural gas, it
is an enormous contributor to these
dangerous emissions. The energy
industry is obligated to decarbonize
and to look beyond the conventional
fuel sources to sustainable fuel
sources.
%HFDXVHRIWKHGHFHQWUDOL]DWLRQRI
WKHSRZHUV\VWHPWKHHQWLUHHQHUJ\
value chain must evolve and rely on
VPDOOVFDOHUHQHZDEOHHQHUJ\
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WITH the declining cost of
UHQHZDEOHWHFKQRORJLHVLQFOXGLQJ
batteries, electricity generation is
EHLQJWUDQVIRUPHG7KH1HZ(QHUJ\
2XWORRN 1(2 SXEOLVKHG
by Bloomberg [2], highlights the
IROORZLQJFKDQJHV
1.%\KDOIWKHZRUOG VHQHUJ\ZLOO
EHJHQHUDWHGE\ZLQGDQGVRODṴ
GXHWRWKHORZFRVWRIUHQHZDEOH
energy and batteries.
2.39ZLQGDQGEDWWHULHV7KHFRVWRI
WKHDYHUDJH39SODQWIDOOVE\
by 2050. Batteries cost is dropping
GUDPDWLFDOO\ZKLFKHQDEOHVZLQG
DQGVRODUWRIXQFWLRQZKHQWKHZLQG
LVQRWEORZLQJRUWKHVXQLVQRW
shining.
3. Coal is the biggest loser – estimated
to drop by 11% of global electricity
generation by 2050.
4. *DVFRQVXPSWLRQIRUSRZHU
generation increases modestly –
JURZWKLVRQO\H[SHFWHGLQ&KLQD
and India.
5. Electrical vehicles add around
7:KRIQHZHOHFWULFLW\GHPDQG
%HORZZHDGGUHVVIRXULWHPVRI
the electricity reticulation system

ZKHUHYDOXHFDQEHFUHDWHGWKURXJK
digitalization:
1. Asset life cycle management:
5HDOWLPHUHPRWHFRQWURORU
SUHGLFWLYHPDLQWHQDQFHWRH[WHQG
WKHOLIHF\FOHRURSHUDWLQJHIͤFLHQF\
of the generation, transmission
or distribution assets and
infrastructure can be enabled by
technology solutions [1].
2. Grid optimization and aggregation:
The optimization of the grid is
SRVVLEOHWKURXJKUHDOWLPHORDG
EDODQFLQJQHWZRUNFRQWUROVDQG
HQGWRHQGFRQQHFWHGPDUNHWV
enabled by connected assets,
machines, devices and advanced
monitoring infrastructure.
3. Integrated customer services:
An integrated customer service can
be provided by innovative digitally
enabled products and services
relating to energy generation and
energy management.
4. Beyond the electron:
Adapting to the customer can
EHDFFRPSOLVKHGE\K\SHU
personalized connected services
stretching beyond the electricity
value chain.

To accommodate these changes,
digital technologies must be applied
to the energy infrastructure. At this
point in time, digital transformation
LVQRWZHOOXQGHUVWRRG$VVHW
life cycle management, grid
optimization and aggregation, and
LQWHJUDWHGFXVWRPHUVHUYLFHVZLOOEH
central to the digital transformation
RIWKHHQHUJ\VHFWRU:HZLOOGLVFXVV
LQGHSWKKRZWKHSRZHUWUDQVIRUPHU
FDQH[SRQHQWLDOO\VFDOHEHQHILWVRI
digitalization across the industry.
:HQHHGWRUHLPDJLQHWKHGHVLJQ
RIWKHHQHUJ\V\VWHPZLWKGLJLWDO
DQGWHFKQRORJLFDOLQQRYDWLRQVZKLFK
include predictive forecasting and
energy storage.

The “Lego block” approach
There is increased pressure on
DVVHWPDQDJHUVWRHQVXUHQHWZRUN
reliability and profitability, thus an
increased pressure to reduce cost
and increase efficiencies in the grid
itself and the relevant maintenance
operations. The database must be
DEOHWRYLVXDOL]HZKDWLVKDSSHQLQJ
to key assets;
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In Cigre’s failure mode analysis [3],
WKHIDLOXUHPRGHVZHUHLGHQWLILHGDV
1. Dielectric: Partial discharge,
arching, etc.
2. Electrical: Short circuit, poor
joints, poor contacts
3. Thermal: General overheating,
localized hot spot
4. Physical chemistry:
Contamination, corrosion etc.
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'LHOHFWULFIDLOXUHVZHUHWKHPRVW
prominent failures for substation
transformers. Thermal and
GLHOHFWULFIDLOXUHVZHUHPRVW
common for GSU transformers.
This clearly indicates that thermal
analysis of transformers can
provide critical information about
transformer condition and can be
used to identify inception of faults
or to better manage transformer
loading.

Figure 1. Failure mode analysis: Cigre WG A2.37 [3]
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$VVHWOLIHF\FOHPDQDJHPHQWJULG
RSWLPL]DWLRQDQGDJJUHJDWLRQDQG
LQWHJUDWHGFXVWRPHUVHUYLFHVZLOOEH
central to the digital transformation of
the energy sector.
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$SSO\LQJWKH̸/HJREORFN̹DSSURDFK
[4], temperature monitoring is the
ILUVW/HJREORFNRIWKHGLJLWDOSRZHU
transformer. Electric and thermal
IDXOWVEUHDNGRZQWKHRLOPROHFXOH
and the insulation paper molecules,
resulting in the formation of
dissolved gas formation – thus
making dissolved gas analysis
'*$ WKHVHFRQG/HJREORFN
1. Temperature monitoring. Using
temperature monitoring devices
RQSRZHUWUDQVIRUPHUVLVQRW
a recent phenomenon. Most
WUDQVIRUPHUVDUHHTXLSSHGZLWKD
FXUUHQWWUDQVIRUPHUEDVHGZLQGLQJ
WHPSHUDWXUHLQGLFDWRU :7, DQG
XWLOL]HD37ͤWWHGLQDSRFNHWWR
PRQLWRUWRSRLOWHPSHUDWXUHZKLFK
XVXDOO\LVWKHRLOWHPSHUDWXUH 27, 
Please note that temperature varies
WKURXJKRXWWKHWUDQVIRUPHUZLWK
the hottest part of the transformer
being at the top. It is important to
take into consideration the ambient
temperature to forecast possible
overloading and thus overheating,
ZKLFKLQWXUQFDQGHFUHDVHWKH
OLIHWLPHRIWKHWUDQVIRUPHU2WKHU
GHYLFHVOLNHWKH%XFKRO]UHOD\GDWD
oil level, pressure relief device and, if
ͤWWHG'*$GDWDVKRXOGEHDYDLODEOH
WRVHHWKHZKROHSLFWXUH$OORIWKHVH
indicator’s data should be taken into
consideration to ensure a healthy
operating system. This data should
be available online to get a real
time indication of the situation and
WREXLOGDSLFWXUHRIZKDWWKHGDWD
VKRXOGORRNOLNHZKHQHYHU\WKLQJLV
normal. As soon as any deviations
are noted, they should be evaluated
and a decision should be made,
either to monitor the situation if not
critical, or to take immediate action
LIQHHGEHWRVDYHFRVWRQGRZQWLPH
and maintenance.
2. DGA monitoring. DGA is one of
the most common techniques
used for fault diagnosis because
LWVQRQLQWUXVLYHDQGWKHXQLWGRHV
QRWQHHGWREHGHHQHUJL]HG7KHUH
are various DGA analysis methods
available in the industry. The DGA
SURͤOHJLYHVXVDQLQGLFDWLRQRIWKH
transformer condition.
It is vitally important that the
interpretation of the DGA is done
by a technical specialist that can
correctly apply all the variants and

relations to come to an accurate
indication of the condition of
WKHSRZHUWUDQVIRUPHU7KH
quality of the testing laboratory
and the sample is of the utmost
importance as this can cause major
inaccuracies leading to inadequate
control measures, thus useless data,
DQGDZDVWHRIPRQH\
If correctly done, DGA analysis
ZLOOLGHQWLI\SRVVLEOHIDXOWVLQ
the transformer and indicate
KRZVHULRXVWKHSUREOHPLV7KLV
traditional method leaves a lot up
WRFKDQFHDQGDORWRIH[SHUWLVH
is needed to come to the correct
DQVZHU,IDQ\SDUWRIWKHSURFHVV
does not meet the highest quality,
the maintenance manager might
HQGXSZLWKWKHZURQJGDWD7KLV
can cause an incorrect action to
be implemented and a unit might
EHORVW0RVWXWLOLWLHVIROORZD
maintenance strategy requiring
them to take an oil sample every 6 to
PRQWKVZKLFKLVJRRGHQRXJKWR
build up a history for the unit and to
FUHDWHDXQLWVSHFLͤFQRUPDOSURͤOH
 +RZHYHUVLQFHWKHGD\WRGD\
health of the unit is not monitored, if
DSUREOHPVKRXOGDULVHEHWZHHQWZR
sampling cycles, one that is quite
VHULRXVZLWKLQDIHZGD\VRUPRQWKV
the problem might escalate making
the repair bill much higher and the
UHSDLUWLPHFRQVXPLQJ+DYLQJUHDO
WLPHGDWDZRXOGDOHUWWKHPDQDJHU
to a problem.
 2QOLQH'*$FDQEHSURJUDPPHG
WRVDPSOHDXWRPDWLFDOO\DWSUH
VHWLQWHUYDOVLQDFORVHGORRS
measurement system. The system
needs to have measurement
UHSHDWDELOLW\QRFURVVLQWHUIHUHQFH
EHWZHHQJDVHVDQGQRFDOLEUDWLRQ
required. It needs to detect all the
gases for complete transformer
DQDO\VLVDQGKHDOWKSURͤOH
compilation.
Pattern recognition algorithms are
EXLOWLQWRWKHVRIWZDUHGDWDEDVH
according to the data in historic
GDWDEDVHͤOHVRIWUDQVIRUPHUV
that displayed a certain problem,
e.g. partial discharge, overheating,
discharge fault, or another problem,
DOWKRXJKH[SHUWLQSXWPLJKWEH
UHTXLUHGIRUͤQDODVVHVVPHQW>@

Smart asset management
In a study by the U.S. Department
RI(QHUJ\LWZDVIRXQGWKDWRI
EUHDNGRZQVKDYHEHHQHOLPLQDWHG
by an actively implemented
predictive maintenance plan based
on digitalization. Asset performance
management has the greatest
value potential among all digital
initiatives.

Asset
performance
management
has the greatest
value potential
among
all digital
initiatives.
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If digital initiatives like condition
monitoring, predictive forecasting,
and smart sensors are deployed,
LWZLOOOHDGWRDPDUJLQDOO\ORZHU
PDLQWHQDQFHFRVWVORZHU
GRZQWLPHRIDVVHWVDQGIHZHU
FULWLFDOEUHDNGRZQV'LJLWDOL]DWLRQ
VXSSOLHVUHDOWLPHGDWDE\PHDQVRI
connected sensors and algorithms,
ZKLFKHQDEOHVWKHPDLQWHQDQFH
manager to make informed decisions

and take corrective action. Asset
managers can identify problems and
take action to prevent unplanned
GRZQWLPH$IXWXULVWLFDSSURDFK
can be implemented, for instance,
“When does it make sense to operate
a transformer above its nameplate
UDWLQJ"̹UDWKHUWKDQWKHFRQVHUYDWLYH
approach of operating at less than
half the capacity. This can only be
GRQHZLWKFRQWLQXRXVGDWDDWKDQG

Studies found that short time overload
FRQGLWLRQV  IRUDERXW
10 hours should not potentially
harm the transformer if no partial
discharge or hotspots are present in
the transformer because there is, in
actual fact, no real thermal overload.
In comparing load versus temperature
versus time, the formation of
hydrogen should be monitored as this
PLJKWEHWKHͤUVWLQGLFDWRURISRVVLEOH
electrical faults in the unit.
Traditionally, transformers have
been conservatively rated and
operated to reduce risk of failure
in unforeseen and unpredictable
DGYHUVHFLUFXPVWDQFHV+RZHYHU
by continuously and effectively
monitoring the load, operating
environment and transformer
FRQGLWLRQLQUHDOWLPHZKLOHKDYLQJ
control over cooling systems and
online tap changers, the typical
SRZHUWUDQVIRUPHUFDQEHVDIHO\
operated by up to 20% above its
QDPHSODWHYDOXHVLQFHLWZLOOVWLOOEH
RSHUDWLQJZLWKLQSUHGHͤQHGVWDQGDUG
design limits, in terms of current and
WKHUPDOSURSHUWLHV7KLVLVNQRZQDV
dynamic rating.
In addition, online condition
monitoring devices connected to
the online transformer management
system permit continuous
assessment of condition and can be
XWLOL]HGWRSURYLGHHDUO\ZDUQLQJRI
deteriorating components or to adjust
dynamic rating limits. Most important
parameters commonly monitored
include fault gases, moisture in oil,
EXVKLQJSRZHUIDFWRUWHPSHUDWXUH
cooling system functionality, and tap
changer utilization. Insulation life
consumption can also be monitored
on a continuous basis.
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Utilization of condition monitoring
GLJLWDOL]DWLRQDOVRSHUPLWVFRQGLWLRQ
EDVHGPDLQWHQDQFHZLWKDWWHQGDQW
EHQHͤWVLQUHGXFHGPDLQWHQDQFH
resource requirements and cost
UHGXFWLRQVDORQJZLWKIHZHURXWDJHV
By combining these capabilities
into one Transformer Management
6\VWHPGHYLFHZHKDYHD̸EHWWHU
WRRO̹DVUHTXLUHGIRUPDQDJLQJSRZHU
WUDQVIRUPHUVIRUPD[LPL]HGRXWSXW
but in a completely safe and fully
controlled manner [3].
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How does digitalization apply
to utility?
1.6\VWHPZLGHGDWDLQWHJUDWLRQDQG
QHZEXVLQHVVPRGHOV3URYLGHVD
V\VWHPZLGHYLHZRIGHYLFHVLQVLGH
WKHQHWZRUNDVZHOODVDQDO\VLVRI
GHYLFHSHUIRUPDQFHV1HZEXVLQHVV
models become possible because
of the broad visibility of data and the
historical analysed data ensuring
PD[LPXPDSSOLFDWLRQRIHTXLSPHQW
– optimum use.
2. Fleet level analytics, services and
remote management: Improved
FXVWRPHUYDOXHDQGH[SHULHQFHRI
the overall product. This enables
asset managers to take control
RIWKHHQWLUHQHWZRUNDQGHQVXUH
PD[LPXPSRWHQWLDOLVUHDFKHG
FUHDWLQJDZLGHUUDQJHRIVHUYLFH
available to the end user.
3. Station level communication and
VHUYLFHDELOLW\2QFHWKHZKROHEDVH
is digitally enabled, cost effective

connectivity and remote managing
of equipment becomes a reality.
4. Device level sensing and data
acquisition: Data is continuously
captured, formatted and analysed
from all the devices linked to the
V\VWHPZKLFKPDNHVLQWHUSUHWDWLRQ
and decision making much easier.

Conclusion
The thermal management focus might
provide the tools to overcome future
FKDOOHQJHVRIWKHHYROYLQJSRZHUJULG
DQGWKHGHPDQGVSODFHGRQWKHSRZHU
transformer [5]. According to IEC
VWDQGDUGVQRUPDODJHLQJLVGHͤQHG
as the loss of 24 hours of life on a
SRZHUWUDQVIRUPHUDIWHUKRXUVRI
continued operation. Abnormal ageing
RFFXUVZKHQPRUHWKDQKRXUVRI
OLIHWLPHLVORVWLQDSRZHUWUDQVIRUPHU
after 24 hours of continued operation.
6RPHVWXGLHVKDYHVKRZQWKDW
under certain conditions, overloading

Using transformer intelligence enables
DVVHWRZQHUVWRH[WUDFWDOODYDLODEOH
capacity of transformers; it also helps
WKHPUHGXFHLQYHVWPHQWFRVWSUHYHQW
high over-capacity specs for budgets and
WHQGHUVXWLOL]HDPELHQWFRQGLWLRQVWKDW
are favorable for long-term or
short-term operation above nameplate
UDWLQJPRQLWRUYLWDOSDUDPHWHUVXVLQJ
VPDUWVHQVRUVDQGPDNHLQIRUPHG
maintenance decisions.

transformers to 120% did not thermally
stress the transformer. The goal
VKRXOGEHWRRYHUORDGZLWKDFFHSWDEOH
loss of life, and such operations
should not pressure design margins
of accessories like bushings, tap
changers, cable connections, etc.
This is only possible under continued
monitoring circumstances, getting all
the data every second of the day.
Using transformer intelligence enables
DVVHWRZQHUVWRH[WUDFWDOODYDLODEOH
capacity of transformers; it also helps
them reduce investment cost, prevent
KLJKRYHUFDSDFLW\VSHFVIRUEXGJHWV
and tenders, utilize ambient conditions
WKDWDUHIDYRUDEOHIRUORQJWHUPRU
VKRUWWHUPRSHUDWLRQDERYHQDPHSODWH
rating, monitor vital parameters using
smart sensors, and make informed
maintenance decisions [6].
Digitalization is all about managed
control.
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