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RED TALKS

POWER,WATER | MIKEDOOLAN

ON THE PHYSICAL

& LABOR | bEMANDS OF Al
iy RED TALKS

We tend to think of Al as abstract—software, clouds, algorithms. But as Mike
Doolan makes clear in his RED Talk, the reality behind our digital world is anything
but weightless.

“I think it's very true that we are all on our phones and our laptops and our
devices... and nobody really thinks what's going on somewhere worldwide to
make all that happen,” Doolan says. “And it's all happening in data centers, vast
huge buildings full of computers humming away doing all the applications and all
the processing and running all the large language models that are now powering
the growth of AL”

Doolan, who has spent 30 years working in critical infrastructure, walks viewers
through the physical pressures driving today’s data centers—from surging
electrical loads to immersion cooling systems. “Some of these data centers are
100 megawatts plus now in size. Some are even up into the gigawatts. They're
using a lot of power and a lot of water and they need trained technicians to build
and operate them.”

- We often think of AI as
virtual and weightless,
but behind it is this
massive physical
engine.

- MIKE DOOLAN

I

Hitting the Cooling Ceiling

With Al workloads ramping up, conventional infrastructure is struggling to keep
pace. ‘I think some of the physical parameters that we just talked about around
the power and the water and the cooling of those chips are probably some of the
things that are going to max out and mean that we can't go much bigger.”

To manage rising heat density, new technologies are being adopted fast. “We're
starting to see direct liquid cooling, which is getting the water much closer to the
chip... and we're even starting to see more immersion cooling where you're actually
putting the servers in baths of oily liquid to make them even more efficient.”
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The Human Factor

Asked about outages, Doolan doesn’t point to hardware first. “So there's really,
| think, two things that can cause data centers to go down and cause the big
headlines of various applications going off.. sometimes it's the equipment that
fails. But it often is the processes and the people that fail as well.”

That's why he pushes his teams toward relentless preparation. “/ always say
plan, plan, plan, plan twice, switch once.”

The Workforce Gap

“The industry takes hundreds if not thousands of people to build the data centers
and then it requires a lot of people to operate the data centers meaning that it takes
a long time to bring them up to speed.”

And that learning curve matters. “So, if we do suffer with attrition then obviously
that increases the risk as well.”

Want the full picture?

MIKE DOOLAN
POWER
WATER
LABOR

Watch Mike Doolan’s RED Talk on data center reliability, Al demand, and operational resilience at

redtalk.com

iy RED TALKS
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JOB POSTING
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MARKET

For TTP and MPP Technologies

We are looking for an experienced representative to join us full-time and manage our sales
and marketing activities in the North American Market on an exclusive basis.

The successful representative will oversee our sales and marketing activities in the North
American market. You will be our representative and help us to hear our customers voice
while working within a dynamic global team with a focus on North America.

RESPONSIBILITIES

* Promoting our services on the allocated market.
¢ Contacting potential customers in order to increase business growth.
¢ Communicating and exchanging information with the team.

REQUIRED SKILLS AND EXPERIENCE

The ideal Representative for this role should have:
* Experience in representing local markets.
Solid network of professionals in the transformer and power industry.
Related professional qualifications.
Self-motivation and be goal-oriented.
Strong teamwork skills.
A good command of English in speaking and writing.

ABOUT THE COMPANY

TTP Technologies and MPP Technologies are manufacturers of transformer radiators and
tanks which conform to German, European, American, and Japanese standards with a
substantial presence in North America.

For more information about the company, visit: https://ttpradiators.com/

Contact email: sameer@ttpradiators.com and mdshetty@ttpradiators.com

TTP Technologies @Jﬂ@/ MPP Technologies
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FROM THE EDITOR:

A PERSPECTIVE

Future for Reliability Engineering

by Design

In this issue we have the continuation of Red Talks,
a series of interviews with subject matter experts.
We have asked the leader of Red Talks, Lee Murray,
to continue to provide his Red Talks with SME’s
central to issue within the power system. The idea
of Red Talks came from discussions with leaders
in so many disciplines within industry, blossoming
this year with the official launch of Red Talks

and we are proud to present them as a Byline.

But what is Reliability by Design?

Reliability Engineering in Asset Design:
Ensuring Long-Term Performance in Power
Systems

Let's first look at the design and operation of
critical infrastructure, particularly within the
power sector. Reliability is not just a desirable
feature-it is a necessity. Reliability engineering
plays a foundational role in ensuring that assets
such as power transformers, substations, and
entire power systems operate effectively over
long periods under a wide range of conditions.
With so many extreme conditions affecting the
energy grid, there is a need not only for the science
of reliability, but the art of reliability. Given the
centrality of electrical power to every facet of
modern society, ensuring that these systems are
robust, predictable, maintainable and resilient
is both a technical and economic imperative.

(56

With so many extreme conditions affecting
the energy grid, there is a need not only for the
science of reliability, but the art of reliability.

What is Reliability Engineering?

Let's begin at the beginning. What exactly is
the discipline of Reliability Engineering? It is

a discipline focused on ensuring that systems
and components perform their required
functions under stated conditions, which might
change well after you have set things up for a
set of circumstances that no longer exist, and
for a specified period of time. In the case of
transformers that period was thought to be

20 years. With transformers in the grid at

40+ years old, now what? Did we over-engineer?
Will that continue so that the transformer
designed today will meet the same fate as the
over-designed one made in 19767

In the context of power systems, this means
designing assets that can withstand environmental
stresses, electrical surges, mechanical fatigue,

and human error-without unplanned downtime
or performance degradation. But will they last

40 years? Or should we begin to plan for the next
generation asset aging more after 20 years and
not expect them to last much longer? If I owned a
transformer manufacturing plant, [ would want to
know, because the capacity that meets the needs
of industry today might not be able to meet the
needs in the future. Or vice versa, if I overbuild
my capacity and must downsize to meet a smaller
market, which happened in the late "70s and ‘80s,
what impact will that have on the viability of

my company.

Long-Term Reliability: A Design Priority

Long-term reliability is especially crucial for
high-value, long-lifecycle assets such as power
transformers. A single failure can result in
extended outages, costly repairs, and significant
economic losses. Therefore, reliability must be
embedded at every phase of an asset’s lifecycle-
from conceptual design and material selection
to manufacturing, operation, and maintenance
planning. Since most major assets are purchased
to meet specific expectations, reliability becomes
a function of anticipating those specifications.

A key strategy in reliability engineering is the
application of Failure Modes and Effects Analysis
(FMEA) and Root Cause Analysis (RCA) to identify
vulnerabilities early in the design process. These
methodologies allow engineers to anticipate
where and how an asset might fail and implement
design features that either eliminate these failure
points or reduce their impact.

Materials and Environmental Considerations

Material science plays a critical role in long-
term reliability. We know that the insulation
materials used in transformers degrade over time
due to thermal and electrical stress. Selecting
materials with proven long-term performance
characteristics—and designing the system to
minimize stress on those materials—can extend
asset life significantly. Additionally, corrosion
resistance, mechanical robustness, and thermal
stability must all be considered, especially for
outdoor components exposed to harsh climates.

Environmental considerations also guide design
decisions. Power systems must remain reliable in
the face of environmental variability, including
temperature extremes, humidity, seismic activity,
and lightning strikes. Reliability engineering
involves designing for these scenarios using
standards such as [EEE, IEC, and ANSI guidelines

Photo: Pexels
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to ensure consistency and robustness. But will
the environmental factors we will see in 2 decades
be the same as what we are seeing today?

Alan has decades of experience
in the power systems industry
and is one of the greatest
reliability experts out there.
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Predictive Maintenance

Predictive maintenance is a relatively modern
evolution of reliability thinking. By using sensors
and digital monitoring systems, operators can
track asset performance in real time and predict
when maintenance is needed before a failure
occurs. This approach minimizes downtime,
reduces the risk of catastrophic failures, and
ensures the asset remains within its design
performance envelope throughout its lifecycle.

The Future of Reliability Engineering

As the power grid evolves to incorporate
renewable energy, distributed generation, and
smart grid technologies, the demands on reliability
engineering are growing more complex.

The integration of intermittent power sources
and sophisticated control systems introduces new
failure modes that must be accounted for
in design and analysis.

What do we see in the future for Reliability
Engineering by Design? We will increasingly
leverage data analytics, machine learning, and
In some cases digital twins to simulate and
predict asset behavior under a wide range of
scenarios. These technologies will enable more
accurate lifecycle planning and condition-based
maintenance strategies.

Reliability engineering is not a one-time activity;
it is an ongoing commitment embedded in the
DNA of asset design, particularly in power systems
where continuity of service is critical. Through
thoughtful design, rigorous analysis, and proactive
maintenance strategies, engineers can ensure that
assets like power transformers remain reliable,
safe, and efficient for decades—supporting the
backbone of modern society.

(&6

Reliability engineering is not a one-time
activity; it is an ongoing commitment
embedded in the DNA of asset design,
particularly in power systems where
continuity of service is critical.
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DGA as a Tool
for LTC Condition Assessment

by Lance Lewand

Paul J. Griffin
and Harry Heulings

INTRODUCTION

In the early 20" century, there was

a need for utilities to regulate voltage
quickly. At that time, it could only

be performed by deenergizing the
transformer, changing the tap and
then reenergizing the transformer.
Not exactly a quick task. In response
to this, Dr. Bernhard Jansen in
Germany began to develop a system
to change taps under load in 1926
and by 1929, the first load tap
changer or on-load tap changer
(LTC/OLTC) protype was developed
by Dr. Jansen, Anton Schunda, and
the Scheubeck brothers.

Ever since, LTCs have been critical in
the operation of the electrical grid by
enabling the transformer to maintain
a stable output voltage despite
fluctuations in input voltage or load
changes. Today, there are many types
and styles of LTCs including reactive,
resistive, break-in-oil and vacuum
types.

Since LTCs are mechanical devices
and parts would wear or issues

with contacts would develop over
time, the operation count of the LTC
was used as an indicator of when
maintenance should be performed.
The deterioration of LTCs overtime
because of the mechanical issues
makes them one of the weaker links
in the utility network. Erosion of

the contacts is expected due to the
nature of their function. Coking of the
contacts causes overheating, which
can cause thermal runaway.

Today, transformers are expected
to last way beyond their design life
which is 20-25 years at rated voltage.
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Lance Lewand has been in the utility industry
for 39 years, and with Doble Engineering for
the past 32 years. He is the R&D and Tech-
nical Director for the Insulating Doble Insu-
lating Materials Laboratories. Since joining
Doble in 1992 he has published over 85 tech-
nical papers pertaining to testing and sam-
pling of electrical insulating materials and
laboratory diagnostics. He received his
Bachelor of Science degree from St. Mary's
College of Maryland. He is actively involved
in professional organizations including the
American Chemical Society, a represent-
ative of the U.S. National Committee for
TC10 of the International Electrotechnical
Commission (IEC) and 1SO TC28, ASTM
D-27 since 1989, is the sub-committee chair
06 on Chemical Tests, former vice-chair of
D-27, recipient of the ASTM Award of Mer-
it for Committee D-27, and is current Chair
of ASTM D-27 committee on insulating lig-
uids. He is also vice-chair of IEEE C57.146
and 155 and is the chair for the new IEEE
committees on cellulose degradation and
corrosive sulfur, as well as involved in sev-
eral CIGRE technical committees.

Paul J. Griffin, now retired, started work-
ing for Doble in 1979 and worked there for
42 years. He held the position of Laborato-
ry Manager before becoming Vice President
of Laboratory Services. While at Doble, Paul
Griffin has published over 70 technical pa-
pers pertaining to testing of electrical insu-
lating materials and laboratory diagnostics.

Harry Heulings is a Senior Chemist in the
Professional Services group at Doble En-
gineering, focusing on condition assess-
ment of critical electrical assets and large-
scale fleet assessments using laboratory
diagnostics. Harry was a member of the
Doble Windfarm Sub-Committee and was

the co-author of the Windfarm Subcommit-
tee Report on Wind Turbine Step-Up Trans-
former Asset Management (2021). Prior to
joining Doble in 2017, Harry held the po-
sition of Laboratory Manager at Morgan
Schaffer USA and Intertek Testing Servic-
es and Research and Development Chem-
ist at Rohm & Haas Company. Harry has a
BA and MS in Chemistry from Rutgers Uni-
versity, and an MBA from Rutgers School of
Business.
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An LTC failure can easily
cause collateral damage
to the transformer and
decrease its lifespan.
Thus, there is much
emphasis placed on
making sure the LTC

Transformer life in the United States
is much beyond that with the average
life span currently at 45 years. In a
2025 Doble conference, it was
reported that several large utilities
are now expecting their transformer
assets to last 70 years or more. But
there is a catch, what about all the
moving parts in an LTC that will not
last 70 years. An LTC failure can
easily cause collateral damage to the
transformer and decrease its lifespan.
Thus, there is much emphasis placed
on making sure the LTC operates
correctly over time.

There are a number of strategies to
maintain LTCs, including periodic,
time-based maintenance, condition-
based maintenance, or some
combination of both. Periodic
maintenance can work if sufficient
resources are utilized such that
these activities occur at shorter time
intervals than the gestation time

of expected excessive wear and
tear or development of problems
into failures. To do this well, the
time chosen must be conservative
enough to catch most problems but
increases cost of maintenance and
often issues are not found. Condition-
based maintenance relies on tools
which can detect most problems
early enough that maintenance can
be scheduled and performed. In
most cases, condition-based testing
is performed while the apparatus is
in-service so that any down time is
reduced or eliminated.
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Oil testing has long been recognized
as an important tool for detecting
incipient-fault conditions in the main
tanks of transformers and is being
applied to load tap changers.

Some of the advantages of oil tests
are that they:

» can usually be performed while
the equipment remains in service

-+ can detect a wide range of
problems in the early stages

+ can be used to ascertain a
reasonable sense of the severity
of the problem

» have been shown to be very cost
effective

This testing is used to provide one
of the most important early warning
diagnostics for LTCs.

OIL TESTS FOR LTCs

Although many of the common ail
tests such as dielectric breakdown
voltage, interfacial tension, acid
content, particle count, metals
analysis, etc. provide valuable
information used in many LTC
diagnostic programs offered by
commercial and utility laboratories,
this article will focus specially

on DGA and water content.

Dissolved Gases in Oil: This is the
most important oil test for LTC
diagnostics. As insulating materials
deteriorate byproduct gases are
generated. Normal deterioration
produces gassing patterns which

are typical for a specific family which
includes the model, type of breathing,
and compartment. As problems mani-
fest the gassing behavior changes
which includes both the amount and

Coking

most often the pattern or relative
composition of gases in oil. Problems
include localized overheating and/

or excessive arcing and other
abnormalities. Localized overheating
of conductors and surrounding
insulation may lead to carbonization
and byproduct polymeric films
forming on conductors, which creates
a runaway thermal condition.

Water Content: Excessive water
reduces the dielectric breakdown
strength of the oil and can accelerate
the aging of the contacts. Excessive
water in the solid insulation can
result in tracking and ultimately

an insulation failure. The water
content will vary depending on if the
compartment is sealed to the air, free
breathing or has a desiccant breather.
Compartments with arcing contacts
in oil will often be vented to reduce
the combustible gas concentration
generated in the operation of the
device. In such cases, the relative
saturation of the water in oil will

be driven by the ambient humidity
and altered by the difference in the
temperature of the ambient air and
the oil. Increasing the temperature of
the oil above that of the ambient air
lowers the relative saturation of water
in oil. Under equilibrium conditions,
expected amounts of water in oil

can be quantified and therefore
makes it possible to estimate what
concentrations are excessive.

DGA AS A TOO
FOR LTC CONDITION
ASSESSMEN
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Poor Surface Contact

Condition-based
maintenance relies on
tools which can detect
most problems early
enough that maintenance
can be scheduled and
performed. In most
cases, condition-based
testing is performed
while the apparatus is
in-service so that any
down time is reduced
or eliminated.

Photo: Shutterstock, Doble
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SAMPLING FOR LTCs

As the oils from LTCs can contain
considerable byproducts from the
deterioration process, it is very
important to take care in sampling to
avoid cross contamination and obtain
a representative sample. Experts
recommend flushing enough oil to
remove condensation in the valve and
excessive carbon and debris that has
formed as sediment on the bottom
of the LTC. If enough oil is not
removed, then a “false positive” can
occur where the analysis indicates

a problem with the LTC where one
really may not actually exist.

It is critical to use new tubing each
time as plastic materials have a
‘memory effect” where some of the
gases dissolved in the oil will adsorb
in the plastic only to desorb in the
next sample that contains less of
the gas. This can be particularly
troublesome as the gases are not
visible and different types of LTCs
have very different normal gas
concentrations. Cross contamination
is of concern when taking samples
from LTCs and thus the use of clean
compatible sample containers is
required

Make sure the LTC is under positive
pressure. This can be done by
introducing a slug of ail into the
tubing attached to the valve. Open the
valve slowly and watch the movement
of the oil slug. If it moves away

from the valve, then there is positive
pressure and flushing can continue.
If the oil slug moves towards the
valve, the valve should be immediately
closed and the LTC should be brought
back to positive pressure.

Evidence of Coke Formation

NOMENCLATURE FOR LTCs

As with any sample from electric
apparatus, it is necessary to have
sufficient identification that the test
data can be linked to the equipment
and proper diagnostics can be
provided as many of the test results
are based on the construction of the
electric apparatus. This would include
information from the nameplate such
as manufacturer and serial number.
For diagnostic purposes the minimum
information that should be supplied
with LTC samples is:

« Manufacturer of LTC

« Year of manufacturer

+ Model

+ Type — Vacuum or break in oil (this
is often evident from the model
information but not always)

« Compartment — selector, diverter

« Tank type — sealed, free breathing,
desiccant breathing

Other information such as if the
unit has a filtering unit on it or when
the LTC was last maintained or oil
handled is useful information for
those performing the interpretation
of results.
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DIAGNOSTICS AND
RANKINGS (CONDITION
CODES)

The goal of diagnostics is to provide
a ranking that prioritizes maintenance
activities. This goes beyond the
simple good/bad distinction, to
provide some grading to permit
different management options.

The primary test for LTC diagnostics
and condition assessment is that for
dissolved gas-in-oil as this detects
most of the problems. There are
three main types of LTCs, reactive
with arcing contacts in oil, resistive
with arcing contacts in oil and arcing
contacts in a vacuum bottle. There
should be differences in the gassing
behavior between resistive and
reactive types as the shorter time of
arc extinction of the resistive type
(5-6 ms after contact separation)
should lower the concentrations of
gases generated. However, it has
been our experience that the gassing
behavior of different models of LTCs
are so different that generic rules for
reactive and resistive LTCs are not
adequate. The primary diagnostic
gases used to develop condition
codes are methane, ethylene and
acetylene. In addition, three ratios are
used:

« ethylene/acetylene distinguishes
between thermal and electrical
discharge activity in oil
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» methane/acetylene distinguishes
between thermal and electrical
discharge activity in oil and can
also detect partial discharge
activity as a predominant gassing
pattern

+ (hydrogen + acetylene)/(TCG —
carbon monoxide): Ratio of gases
associated with discharges to
those associated with overheating
of oil. This is similar to a ratio
proposed previously which
included the carbon monoxide in
the TCG.

A matrix has been developed for each
model that includes concentration
limits for each of the three diagnostic
gases plus the three ratios. Points

are assigned for each limit and then
summed, with a total point range
between 0 and 15. Condition codes are
then determined from the points as
shown in Table 1. A Condition

Code of 1 indicates an LTC in the worst
possible condition that should be the
number one priority. A Condition Code
of 5 would indicate an apparatus in
good condition and the lowest possible
on the list for sample frequency.

Condition codes 3-5 have a range

for sample frequency. This is based
upon the experience that the time
from inception to complete failure,
particularly for thermal runaway
conditions, is shortened considerably
if overloading significantly beyond
nameplate on a regular basis.

The matrix is structured to find a
variety of problems which may be
detected by excessive gassing rate,
change in gas ratios or both. For
example, localized overheating of
contacts or the reversing switch will
generally show increasing combustible
gas generation with ratios of gassing
going from an arcing pattern to
characteristics of high temperature
overheating of oil. Excessive arcing
between contacts is most likely to
develop high gas concentrations until
the later stages when heating occurs
(causing the combustible gas ratios
to change). Examples of causes of
overheating include:

 excessive contact resistance due
to the formation of organic films
and carbon deposits

« metal fatigue causing poor contact
pressure

« loss of direct contact surface
area from misalignment or loss of
contact material

Excessive combustible gas buildup
can result when the vent becomes
plugged. This eventually leads to low
oxygen contents as it is consumed
in oxidation reactions and is not
replenished. Typically, the ratios

will remain normal unless another
problem is present at the same time.

Condition Codes and Maintenance Assessment

Assessment

Condition Code

Table 1: Condition Codes and Maintenance Assessment

DGA AS A TOOL
FOR LTC CONDITION
ASSESSMEN

Various other thermal and electrical
problems can also be detected
depending upon the model of LTC.

The diagnostic matrix for selector
compartments and vacuum type
models that break under vacuum is
different. The ratios do not apply in
the same way for vacuum type LTCs
and therefore, absolute concentration
limits for the gases are relied upon

to determine the condition codes.
Condition codes are generated with
the same type of ranking as for arcing
contacts-in-oil compartments.

This diagnostic scheme has been
very successful over the past years
in determining which LTCs have
problems that need remediation and
many “saves” have been reported on
an annual basis.

CONFIRMATION AND
COMPLIMENTARY TEST

Oil testing is just the first step in

the diagnosis of LTCs with potential
problems. There are a number of non-
oil tests that have been employed

to confirm or identify LTC problems.
These include the following:

Infrared thermography and
temperature differential: A frequently
used method to detect or confirm
overheating of contacts or the
reversing switch in externally mounted
LTCs is to determine the temperature
difference between the main tank and
the LTC. Normally the main tank should
be operating at a higher temperature
than the LTC compartment except for
the occasional transient such as when
the pumps initially come on to cool
the main insulation. As thermal
problems develop in the LTC
compartment the oil temperature will
consistently be higher than the main
tank. This difference in temperature
can be detected using continuous
temperature monitors mounted to the
tank wall or by periodic inspections
using infrared thermography.

Photo: Shutterstock, Doble



Transformer Technology June 2025 pXx}

Issue 45

DGA has gained wide
acceptance in the
industry for assessing
the LTC condition and
has become standard
practice electrical
networks all over the
world.
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Electrical tests: There are a number
of electrical tests that can be used
to confirm or help identify the source
of LTC problems before entering for
visual inspection.

114
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+ Exciting current tests on all LTC
tap positions can be used to detect
shorted turns and core problems
in the preventive autotransformer,
contact problems and connection
problems in the preventive
autotransformer or in taps.

« Turns ratio can detect shorted
turns in the preventive
autotransformer.

+ Power factor tests are used to
detect insulation deterioration such
as from water and partial discharge
activity, including tracking and
carbonization of solid insulation
structures.

» Contact resistance is used to
detect excessive contact wear,
poor contact pressure, coking
and polymeric films on contact
surfaces.

+ Sweep Frequency Response
Analysis (SFRA) and leakage

reactance (short circuit impedance) : l l

-'f

are both used to detect winding 0
movement or deformation and
contact problems.

Acoustic and vibration analysis:
Some investigators have developed
a database of LTC signatures using
acoustic analysis to complement
diagnostic programs for LTCs.
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CASE STUDY

To illustrate the LTC diagnostic
program several case studies are

DGA AS A TOOL
FOR LTC CONDITION
ASSESSMENT]

presented. The details of the LTC
for this case are listed in Table 2.
The DGA results in Table 3 show the
combustible gas values were high
and the ratios indicative of an
abnormal condition. The OLTC was
assessed as being in an emergency
condition and immediate remedial
action was needed.

The concentrations of the hydrocarb-
on gases associated with overheating
were extremely elevated and the
ethylene/ethane ratio was far more

than what was considered normal. Figure 2: Good Reversing Switch from the Middle Phase

LTC Information

Manufacturer Model Type Compartment Tank Type

Table 2: LTC Information

Dissolved Gases-in-0il (DGA) and Gas Ratios

LTC, ppm 3 - LTC 9
11/8/24 Norms Gas Ratio and Code 11/8/24 Norms

*Based on Doble’s
criteria from Table 1,
this was considered

a “Critical” condition,
and an immediate
response was needed.

Table 3: Dissolved Gases-in-Oil (DGA) and Gas Ratios

These markers pointed to a severe
thermal condition. Based on the DGA,
an internal inspection was performed.
Figure 1 shows the issue was on the
stationary side of the reversing switch
on one of the outside phases. Two

of the good phases showing normal
wear are given in Figure 2.

The damaged part was replaced and
the LTC returned to service.

CONCLUSIONS

DGA has gained wide acceptance in
the industry for assessing the LTC
condition and has become standard
practice electrical networks all over
the world. Doble has found that once
oil diagnostic programs are started
for LTCs, problems that were not
being detected by other methods
are revealed and, in many cases,
sooner as the time intervals between
sampling is shorter than most other
maintenance or testing activities.
After using oil diagnostics for all

the LTCs in a system, the number

of problems found the second time
around is reduced showing the
effectiveness of the program.

Photo: Shutterstock, Doble
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In a rapidly evolving industrial landscape, where the energy transition is a
global priority, LTC Group stands out as a key player in the field of magnetic
cores for transformers and reactors. With over 65 years of experience and an
entrepreneurial vision driven by innovation, the Group continues to invest in
cutting-edge technologies and in a global expansion strategy that integrates
production capacity, quality, and a strong presence in strategic markets.

In 2024 and 2025, LTC Group launched a series of key initiatives to meet the
growing global demand for transformer components, driven by infrastructure
investments, the spread of renewable energy, and new projects related to elec-
tric mobility. These initiatives include the installation of a new slitting line, the
opening of new production facilities in Italy and Dubai, as well as the develop-
ment of a new site in North America, currently under construction, which will
strengthen the Group’s presence on the continent and represents a further boost
to its overall production capabilities.

LTC Group has recently announced the opening of its seventh production
plantin Italy, located near existing facilities. The plant, covering an area of
8,000 square meters, will enable a significant increase in production capacity,
estimated at approximately 10,000 additional tons of magnetic cores per year.
This expansion represents a concrete response to the growing demand for high-
performance magnetic solutions used in power transformers for electrical grids,
industrial applications, and railway systems. The investment is not limited to
quantitative capacity. The new plant is designed according to criteria of energy
efficiency, operational flexibility, and digitization of production processes. It
also integrates advanced quality control technologies that ensure precision,
reliability, and compliance with international standards.




LTC GROUP:

‘-—.n_’ —_—

F— - !' l GLOBAL STRATEGY]

O T -
J ] s

AL -l-l-IIII .lll-l.ll-l

R | |l| III RN
1Ll fl LI
WA IIIJIIIJIIJIIIJIIIUII.JIUILI%IIII‘

a =1

| —— 1—-'=-n

] [ '
G = 2§

Confirming its global strategic vision, LTC Group has initiated a significant
expansion in North America. The new headquarters, located in Hamilton, in the
Canadian province of Ontario, is the result of a greenfield project developed in
2023. The site is strategically positioned: only 70 km from Toronto and about an
hour from the United States border, allowing optimal coverage of both the Canadian
and U.S. markets. The North American facility will be equipped with modern,
automated systems. The new plant will have a dual objective: to support utilities
and transformer manufacturers in North America with faster delivery times and
to actively contribute to the continent's energy transition and decarbonization
plans. This project strengthens the Group's international presence, already active
with plants in Italy, Dubai, and Taiwan, and consolidates its ambition to remain
the global reference partner for transformer manufacturers.

Another of the most representative elements of LTC Group's global growth
strategy is the expansion of activities in the United Arab Emirates, where the
company has been operating since 2010 with a production plant in Dubai. This
hub was the first step in the internationalization process and allowed the Group
to directly serve the Middle East market, strengthening competitiveness in a dy-
namic and rapidly growing region. Today, more than a decade later, LTC Group is
taking a new step forward with the launch of a second production facility in Jebel
Ali, one of the Gulf's most strategic logistics areas. The new plant is equipped with
cutting-edge technologies designed to ensure production efficiency and meet
the highest quality standards. This investment in Dubai not only strengthens the
Group's industrial presence in the Middle East but also demonstrates the desire
to combine production capacity, innovation, and proximity to markets. With en-
hanced production capacity, the new Jebel Ali facility represents a strategic
asset in LTC Group's global growth plan.

Photo: LTC Group
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LTC Group has built its success on a scalable industrial model, replicable
internationally, and based on technological innovation, product quality, and cus-
tomer proximity. Every new investment—be it a plant, a facility, or a process
upgrade—integrates perfectly into this framework. All the Group's production
plants share common standards, both from a technical and managerial point
of view, and adopt uniform monitoring and quality control tools. This approach
allows for flexible and coordinated production, capable of adapting to the needs
of a global and fragmented market. Among the most recent developments, LTC
Group is installing a new high-performance slitting line, designed to provide
speed and precision in responding to growing market demand. This investment
aims to further improve internal process efficiency and proactively support in-
creasing demand, while maintaining high standards of production continuity
and quality control. The flexibility of the system will allow for quick adaptation
to a wide range of customer specifications, reinforcing the Group’s position as
a reliable technology partner committed to continuous improvement. Moreover,
attention to environmental sustainability is a transversal element: the Group
adopts energy efficiency systems, waste reduction, and resource optimization
in all its locations.

The expansion path that LTC Group is undertaking is not just a response to a
growing demand for magnetic cores but the concrete expression of an industrial
vision projected towards the future. The strengthening of production capacity,
the opening of new sites in strategic markets, and the adoption of cutting-edge
technologies testify to the Group's continuous commitment to ensuring value to
its customers, quality to its products, and sustainability to its processes. With
solid industry expertise and a constant focus on the evolving energy landscape,
LTC Group continues to innovate, grow, and connect the world of energy.
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Cooling Innovation:

PERSPECTIVES:

COOLING INNOVATION

Immersion Cooling Fluids Take Center Stage

Thermal management has become a limiting
factor in the design and manufacturing of
many electronic devices. Computing and
telecommunications devices have become too
power-dense to be cooled with traditional air-
chilling methods. Air conditioning entails high
sound levels, cooling water use and power
consumption and limits the installation of new
data centers near populated areas.

(&6

Computing and telecommunications devices
have become too power-dense to be cooled with
traditional air-chilling methods.

Now, a thermal management technique borrowed
from the power transformer industry is being
applied to data centers: immersion cooling, a
cutting-edge method that submerges electrical
hardware in a nonconductive heat transfer fluid.
These specialty coolants can be about 1,600 times
more efficient at the absorption and transfer

of heat than air is. While immersion cooling has
been used in electrical transformers for over a
century, its application in electronics cooling
has recently surged, fueled by the boom in data
centers catering to artificial intelligence (Al),
cryptocurrency mining and graphics rendering.

(6

While immersion cooling has been used in
electrical transformers for over a century,

its application in electronics cooling has
recently surged, fueled by the boom in data
centers catering to artificial intelligence (AI),
cryptocurrency mining and graphics rendering.

A key step in the growth and acceptance of
iImmersion cooling technology is the development
of standards for safety and performance of the
coolant fluids themselves. Safety standards
developed for transformer fluids and hydraulic
oils have been evaluated, but are not suitable for
application to electronics cooling.

Photo: Engineered Fluids
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UL Solutions is addressing this challenge with Author:

its new outline of investigation and certification David Sundin
program for immersion cooling fluids that are Chief Scientist
used with information technology equipment. Engineered Fluids

UL 2417, the Outline of Investigation for
Immersion Cooling Fluids for Use with
Information and Communication Technology
Equipment, is a comprehensive outline that
assesses key flammability and performance
characteristics of coolant fluids. Certification to
UL 2417 not only streamlines compliance with
safety requirements but also aids equipment
manufacturers in selecting the right fluids,
significantly speeding up time to market.

[ had a chance to discuss the development and
adoption of UL 2417 with Dejan Gakovic, business
development manager in the Consumer, Medical
and Information Technologies group at UL
Solutions.

“The most critical part of the system is the fluid,”
said Gakovic. “UL 2417 addresses the need for
safety guidelines for the immersion cooling
industry, and will help equipment manufacturers,
asset owners and insurance companies evaluate
the cooling and flammability properties of these
products.”

UL Certified immersion cooling fluids have
demonstrated that they meet UL 2417
requirements. These fluids bear the UL Mark and
are cataloged in the UL Product iQ® database
under the Category Code Number (CCN): NCOZ.
This feature helps cooling system manufacturers
choose compliant fluids more efficiently for
their products.

“As immersion cooling technology is adopted by
more products and industries, UL Solutions will
continue to address critical safety challenges
and help enable innovation in advanced cooling management of batteries, EVs and data centers via
technologies,” Gakovic told me. Immersion Cooling. Dr. Sundin has over 40 years’

Dr. David Sundin is Founder and Chief Scientist of

Engineered Fluids, Inc., the leading provider of thermal

experience developing and applying specialty electrical
Personally, I know from my experience in the

transformer industry that safety standards such
as UL 2417 will promote the use of immersion
cooling in applications where its adoption

has been slow due to uncertainty around
requirements. As the technology matures,

it will be adopted by a wider variety of product
manufacturers as a more efficient means of
thermal management.

cooling fluids and has held leadership positions in a
variety of [EEE and ASTM Committees.

With these developments, we can look forward
to advances in electronics design, with more
powerful electronics in smaller packages, using
less water and less energy to stay cool.




MOISTURE PRESENCE




Photo: Comem

Transformer Technology June 2025

Issue 45

To limit moisture ingress, dehydrating breathers with hygroscopic salts are
commonly used. These devices prevent ambient moisture from entering the con-
servator.

Choose our advance Self-dehydrating breather type eSDB.

Whether you are managing asset health remotely or on-site, our eSDB breathers
provide continuous protection. Your transformer will be continuously protected
from moisture intake, and you can collect the necessary data online for remote
transformer health management.

While external contamination can introduce moisture, it is also essential to
understand that moisture found in transformers can originate internally. As paper
insulation ages, especially under hot temperatures, it decomposes and releases
water. This means that even a perfectly sealed transformer can accumulate mois-
ture over time. Therefore, moisture management is not just about sealing the
transformer—it is about monitoring and mitigating internal degradation.

However, understanding moisture levels inside a transformer goes beyond
external protection. Historically, moisture data could only be obtained through
oil sampling and laboratory analysis, including Dissolved Gas Analysis (DGA).
These methods, while helpful, offer only snapshots in time. Today, continuous
monitoring technologies provide real-time insights, enabling predictive mainte-
nance and early intervention.

Choose our Qil diagnostic device type eDOC.

Measure the presence of moisture and hydrogen inside the transformer oil
continuously and make informed decisions about the asset maintenance needs.

The true power of continuous monitoring lies in its ability to build historical data
trends. These trends reveal patterns and anomalies that single data points cannot.
With consistent data references and real-time data, operators can make informed
decisions that extend the life of transformers and reduce operational risk.

MeDICA, our Monitoring ecosystem for transformer Diagnostics with Integrated
Customer services and Analytics.

By integrating and interpreting data from online monitoring and offline testing,
we can develop a sustainable maintenance strategy together and ensure a longer
lifespan for your transformer.

Moisture is inevitable—but its impact does not have to be. With the right tools,
product solutions, and services to monitor and prevent moisture, you can protect
your transformers, optimize performance, and secure your investment for the
long term.

Moisture in transformers? No problem with our solution.

- Self-dehydrating breather type eSDB that prevents moisture from entering
your transformer.

- il diagnostic device type eDOC that detects moisture levels in the oil.

- Consulting services and regular reports to support you with moisture manage-
ment.

Contact us: marketing@comem.com Co M = M
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by Hassan Zaheer |
and Chris Gerber

he concept of
transformer lifecycle
extension through
refurbishment is not
a new one. With the
electrification and rapid
integration of renewable
energy, the need to
upgrade the power
grid, and the power
transformers within, is
accelerating at scale.

At the start of this month, | had a
chance to sit down with a good friend
and advisor, Chris Gerber during
CWIEME Berlin. While discussing
the state of the transformers market
and supply constraints, the topic

of transformers services came up.
Chris has a long track record of
asset management and transformer
replacement in utilities as well as
leading the service business unit of
transformer OEMs.

The concept of transformer lifecycle
extension through refurbishment is
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Hassan Zaheer is the Managing Partner &
COO0 at PTR Inc. based in Abu Dhabi, UAE.
With more than a decade of experience in
the energy transition space, Hassan advis-
es various Fortune-500 and blue-chip clients
in the electrical infrastructure sector to sus-
tainably grow their businesses, both through
custom consulting work, marketing support
services and tailored research reports by
PTR, helping their executive management
and boards make data driven decisions. Has-
san is also a Member of Advisory Board for
CWIEME Berlin and MENA EV Show, part of
the Executive Editorial Board of APC Media
and an advisor to the educational non-profit
Better Humans Academy. Hassan has a tech
background with a Masters in Power Engi-
neering from the Technical University of Mu-
nich (TUM) and a BS in Electrical Engineering
from the Lahore University of Management
Sciences (LUMS). Additionally, he is also an
Alumni of Center for Digital Technology &
Management (CDTM).
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Chris Gerber is a Founder & Managing Part-
ner of Genesiss Consulting, a former Trans-
former OEM CEO with noticeable experience
in the transformer industry having worked for
some of the most significant independ-
ent transformer companies in Europe. He
has worked for and with some of the most
noticeable transformer utilities in Africa,
the Middle East, and Europe. He current-
ly consults, specializing in strategy, busi-
ness development, mergers and acquisi-
tions, and IP transfers. His experience in
Mergers & Acquisitions in the transformer
industry and his recent research on M&A
ensures unique insights into  this
specialized field. He is the Managing
Partner and founder of GENESISS as well
as GENCON Consulting and a member of
the Virtual Advisory Board. Chris advises
PTR Inc. Yash HighVoltage, CWIEME Berlin,
and STS Capital, and is also a member of
CIGRE.

Photo: Al generated, Shutterstock
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not a new one. With the electrification
and rapid integration of renewable
energy, the need to upgrade

the power grid, and the power
transformers within, is accelerating
at scale. However, in some regions,
the transformer supply is not able to
catch up with the increased demand
at this pace, resulting in lead times for
new transformers being significantly
higher. Utilities are therefore looking
to extend the service life of their
existing transformers, bringing
transformers service business

into sharp focus as a means to
alleviate the long lead times for new
transformers.

This article is a summary of our
discussion on the basics of a
transformer service business, and
the critical elements needed to drive
a high-margin and high-growth
transformer service organization.

New vs. Renewed: Choosing the Best
Path for Transformer Assets

For end-users, utilities and industry,
the answer is relatively straightforward:
if there is sufficient funding and no
significant time constraints, opting

for a new transformer is typically the
preferred route, especially when long-
term reliability and performance are
priorities. However, in today’s market,
where lead times are extended

« The lead times are significantly
lower than getting a new
transformer.

In such cases, provided the
transformer ratings are to remain the
same, the transformers are typically
assessed, windings are rewound,
cores normally stay the same,

oils are replaced, as well as other
auxiliary components are changed,
typically taking between 6-12
months depending on the size of the
transformer. The option to change the
transformer ratings, through reverse
engineering of the original design, is
also possible. Such service can be
carried out by the Original Equipment
Manufacturer (OEM) brand supplying
the unit, or by a brand agnostic third
party transformer service provider, as
discussed ahead.

Key Elements of a Transformer
Service Organizations

Typically, there are two types of
transformer service providers:

+ OEM service organizations that
offer reconditioning and servicing
the transformers they produce,
linked to the specific factories the
units are produced in.

+ Independent companies that
specialize in transformer

n today’s market, where lead times are extended and

transformer prices have risen sharply, refurbishment
has become an increasingly viable and attractive
alternative for many utilities seeking to extend the life
of their assets without the costs and delays associated

with full replacement.

and transformer prices have risen
sharply, refurbishment has become
an increasingly viable and attractive
alternative for many utilities seeking
to extend the life of their assets
without the costs and delays
associated with full replacement.

A refurbished transformer is often
preferred by utilities when two
conditions are met:

+ The total refurbishment cost,
including some margins, falls on
average between 60% and 75% of
the price of a new transformer

maintenance, repair, and life-
extension services, typically started
by people with roots in the OEMs.

While major OEMs have an advantage
in this business, as often the utilities
approach the original OEM for

repairs and refurbishments, and for
transformer components, standalone
service businesses can also carve out
a share through a competitive edge
strategy, business plan and execution.
Regardless of the fact as to whether a
services organization is directly linked
to a specific OEM or an independent
services provider working on all
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makes of transformers, the following
key elements are required to ensure
competitive success:

+ Engineering-driven technical team:
A transformer manufacturing
OEM often relies on a team of
experienced engineers working
behind the computers with
complex designs, utilizing
advanced tools and data to
diagnose and resolve complex
transformer issues. On the
contrary, service organizations
rely on skilled technicians who
understand the product, its
operations, and behavior under
various circumstances and
environmental conditions. They
excel at the following without
needing elaborate transformer
designs:

o Dismantling the transformer

o Diagnosing and identifying
necessary repairs

o |Implementing Innovative,
practical solutions

o All while executing work in
a cost-effective and time-
conscious way.

+ Efficient tools and equipment: One
of the most critical aspects of a
transformer service organization is
whether the work is performed on-
site or off-site. This decision carries
significant operational implications,
particularly because transformer
service often involves handling the
oil. To make it work, the service
team must be equipped with
essential infrastructure, including:

o Qil pump and vacuum unit

o Dedicated storage space for
reused oil

o Qil filtration or regeneration plant

o Capability to obtain and analyze
oil samples

o Winding machines and capacity

o Sufficiently large cranes for
lifting and untanking

o High voltage test equipment
to replicate the original factory
acceptance test (FAT)

Additionally, having the correct
set of hand tools for performing
precise repairs is equally essential
to ensure quality and safety during
the process.



What makes a service organization
successful?

What separates a profitable
transformer service provider from

the rest goes far beyond technical
capabilities. Typically, service
businesses can offer relatively decent
gross margins between 30-60% with
an EBITDA between 10-15% if running

properly. To achieve these and make
a service business high performing,
a company must master three core
business elements:

Technical Operations: A service
organization must ace in its
technical operations, supported
by a competent, service-oriented,
solution-driven technical team.
Ideally, the team members should
be the ones with experience in
transformer manufacturing, end
assembly, experience in building
and disassembling transformers,

and having a drive to solve complex
technical challenges instead of a
mundane job. A technical team that
is proactively prepared, having no
issues in “picking up the phone and
responding to emergencies in the
middle of the night”, is critical for
this business’ success.

+ Operational Management: The
second element which is crucial for
success is having an operational
management that understands
the scope of the project and its
requirements. Especially in the case
of refurbishment projects, where
well-defined milestones are crucial
for tracking progress and ensuring
timely delivery, having strong project
management skills to manage these
projects for the cost, quality and
timeline are essential. And lastly,
strong communication skills for
coordination with the customer
throughout the process are key to
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building trust and maintaining long-
term engagement.

Marketing and Sales: Lastly, having
great marketing in place, to establish
the credibility and visibility of a

service organization, highlighting
the company’s capabilities, track
record and credentials of the team
is necessary. Difference in this case,
from typical transformer OEMs is
that, while the transformer OEMs
are marketing to promote the brand
and the product, the marketing in a
service organization needs to focus
on the organization, the technical
team within the company and their
experience and capabilities.

How does the future look like?

With increased lead times and
skyrocketing transformer prices, the
opportunity to grow the transformer
service business is substantial,

especially for refurbishing the large
power transformer units. To capitalize
on this momentum, it is essential to
truly understand the customer base.

If established relationships already
exist, the focus needs to be on exploring
their evolving needs in greater depth
and tailoring the approach accordingly.

Lastly, the service businesses must
think beyond repair, maintenance,
and spare parts. A consciously
formulated strategy around
transformer refurbishment, including
a technical team able to deliver
complex refurbishment works, a
project management team able to
ensure timely delivery and a sales and
marketing team that understands the

intricacies of transformer refurbishment

and confidently communicates its
value, can really position a transformers
service business for sustained growth
in the current rapidly evolving market
landscape.

®

Crosslink Technology Inc.
Epoxies, Urethanes - Custom Cast Parts
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These are the
values that you
hear a lot of
companies talk
about, but this
has been the root
of our tree that
we have built
over decades, not
something we
are just trying to
pbuild.
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Alan Ross: My guest for this interview is Alberto
Cracco, the CEO and Managing Director of
Westrafo Transformer Manufacturers, in Italy
and America. Welcome Alberto.

Alberto Cracco: Thank you, Alan, it is my
pleasure.

Al Alberto, [ believe every company
a n has a culture, and the culture is

set over time, not in an instant. I read somewhere
where you said, “culture trumps strategy”. When

[look at the values at Westrafo they speak to me
about building something for the long haul.

l\-
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But today we are in an environment where
things like sustainability, innovation, and
reliability are all important to what we do.

Talk a little bit about the values that have been
instilled in Westrafo and how you maintain
them?

'L b The actual values

A e rt O that the marketplace

is asking for are reflecting what we have had
with Westrafo from the beginning. Our mission
is identifying reliability, innovation, and
sustainability applied in the energy world to the
transformer market specifically.
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These are the values that you hear a lot of
companies talk about, but this has been the root
of our tree that we have built over decades, not
something we are just trying to build. We started
looking at the renewables market 10 years ago,
with the goal to create a company that was

able to support long term business growth with
customers who are working in the renewable
energy market.

Based on that is how we designed the company,
and this is probably one of the reasons why we
have been growing in such a consistent way, year

by year.
A'[ How did you get into designing

a n and manufacturing transformers
for the green energy market? Did you show up
one day and say, “I want to build transformers for

this specific market”?

'l b (Laughing) No, it was not
A e rt O like that at all. Although
Westrafo was founded in 2014, the company's
historical background starts with my father
who began manufacturing
transformers and
working in the
transformer market in
1967.. That's over
57 years of experience.

My father worked as

a technician at the
beginning, working
Saturday and Sunday
when he was young
making distribution
transformers around
[taly in order to be able to
support the family.

Thanks to his technical and
engineering background, he
became Technical Director,
then Sales Director, and finally
became General Manager of a transformer
company he led for almost 25 years before he
retired. That was the day when we decided to
start our entrepreneur activities as a transformer
manufacturer. For eight years we had a minority
share in a local company here in Italy and in
2014, we decided to step out and to create
Westrafo: to start from scratch, to start from the
ground up with a new company, was probably
the best idea we ever had in our lives.

Beginning with almost 50 years of experience,
with a blank sheet of paper where we can
create whatever we want, allowed us to build
exactly what we decide without constraints.
This freedom to choose our path and focus on

_/{_?
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high-value markets is likely a key reason behind

OUT SUCCESS.
A'[ That is excellent, a very inspiring
a. n story. You do not bring any of the
mistakes that you make along the way to the
new company. Is your father still involved in any

way with the company?
My father is still the

Al b e rt O chairman of the

company here in [taly. He is still an internal
advisor for everything related to technical
purchasing and strategic solutions. As a board
member, he remains very active and continues to
be one of the driving forces behind our company.
[ am very proud that we are be able to combine
my optimistic approach and thinking completely
out of the box with his experience, knowledge
and his capacity to understand the transformer

market.
A'[ That is excellent, with a mix of
a. n the old guard and the new. While
know you are a global company, let's talk about
your US efforts. The US market
is hot. Right now, green
energy in the United
States provides on
average about 38%
of the power that
we need, which is
generational power.
And if we could get a
good energy storage
system in place it is
going to provide up to
©60% with the existing
infrastructure.

One of the big changes that
we need is that we need a
lot more transformers, a lot
quicker. Is that part of your
decision to get closer to the US
market? Build them here and impact
the supply to meet the current and growing

demand?
A'[ b .t Yes, that is why we

e :r O decided to invest in
United States by opening our production facility
in Ohio.

As you know, we decided to enter the United
States around 18 months ago.

We are starting from a base of solid information
that we received from the market, from the
growth. The Inflation Reduction Act expanded
the renewable energy market, and many of

our existing customers, whom we supply from
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Europe, requested a local supplier.

A couple of years ago, we explored the
opportunity to establish a US facility. We
realized it wouldn't be easy since the supply
chain for transformer components is still
limited here — only a few components are
available domestically. Nevertheless, we chose
to invest, attract suppliers, and to do agreement
with local suppliers that can grow with us.

We have certified
our design criteria
specifically for
transformers using FR3
fluid. These are high-
temperature designs
Incorporating materials
such as thermally
upgraded paper and
high-temperature
gaskets. Through this
process, we were able to
consolidate our design
approach.
The rationale behind the decision is not only to
be close to the market but to be an alternative
solution for the market in the United States.
We are working in the renewable energy
market, and the Data Center market, both of

which we expect to grow significantly over the
next decade.

Our target behind our decision was to invest
in a local facility here in the US, to support
our existing customer base and to attract new
US customers, manufacturing products by US
workers and serving the US. as a local supplier.
[ think this is a big challenge for Westrafo but
we are confident that we will successful in the
project.

Everything at the moment is on schedule, so we
are very satisfied for the project. Production is
expected to start during this summer and we

are on track for that. We are already receiving
orders that are filling our production capacity.

Al And you are doing it in the
a. n Dayton, Ohio area, which has a

great labor market?

A'[ b t Yes, the selection of the
e r O site was not easy: every
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US state wants to attract investment. When you
say “investing in the US,” it really means choosing
a specific state like Ohio, California, or Texas, all
competing to host us. Our idea was to be close
to the customer, in southern states and Texas or
California, or to be close to the supply chain.

We decided to be close to the supply chain, a lot
of which is coming from Canada now, or Ohio,
[llinois, or Wisconsin in the US. This part of the
Midwest is very attractive from a supply chain
point of view.

After much review, we chose Trotwood, Ohio
which is close to Dayton. That is a town that
had been destroyed by a tornado in 2019, and
a lot of people lost jobs because of it. We feel
as an entrepreneur that when we make an
investment, we need to help people and the
community. There was a lot of enthusiasm to
support Us in our initiative, and we feel that we
are more part of the city every day we are there.

A'[ The transportation infrastructure
a n In that area is good as well.

Yes, 170 and 175 right
A]. b e :rt O near us and that is one
of the reasons. Also, in Italy, we are 6 hours
difference from the east coast time zone, so

when we start work in Ohio, it is halfway through
the day here in Italy. We have almost half a

Photo: Westrafo
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day where we can work together. Also, flight
connections and a good labor market made it
attractive to us.

A'[ know you have a special

a n relannshlp with Cargill FR3. 1
have talked to Javiera McGuiggan, who is one
of our Executive Editorial Board members. She
speaks very, very highly of you and Westrafo,
so talk a little bit about that relationship with
Cargill.

Qur relationship with
A]. b e rt O Cargill began in 2015,
early in Westrafo's journey. We aimed to offer
the market a better solution than what was
available. Cargill was looking for a company

that can support them as they developed their
technology, to sell FR3 a better way.

The Cargill engineering team supported us in
an incredible way during this journey. One year
later, we shipped the first sustainable peak
load (SPL) transformer that can operate at a
higher temperature compared with current
transformers in the market. This was sold to an
[talian utility, was tested at CESI, together with
another external laboratory, and based on that,
we did a lot of other prototypes that we sold to
German utilities and others. All the results were
beyond our expectations.
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We have certified our design criteria specifically
for transformers using FR3 fluid. These are high-
temperature designs incorporating materials
such as thermally upgraded paper and high-
temperature gaskets. Through this process, we
were able to consolidate our design approach.

Installation costs are lower, and the
performance of these transformers matches—
or even exceeds—that of traditional mineral

oil transformers, as this has been a key focus

in our design criteria. Additionally, the use of
FR3 fluid enhances fire safety. As you know, it's
also environmentally friendly, making it a well-
rounded, winning solution from every angle,
especially from my perspective as a transformer
manufacturer. On top of that, Cargill, an
American company, operates production
facilities worldwide, ensuring global availability
and support.

A'[ One of the things that you
a n mentioned is their willingness to
be able to invest in their customers, and by that,

I mean time, talent and energy. What do you see
for the next decade?

'[ b If we look at our market,
A e :rt O we have a couple of
factors that are making us positive about the
future. First, there are Greenfield projects, new
projects that are being approved and moving

ahead, both in the renewable energy sector and
data center sectors.

The volume of new projects that have already
been approved, that must be built in the next
2,3 years is incredible, higher than what we
normally think about. We are speaking about
gigawatt after gigawatt, one terawatt of projects
that are going to be developed in the next 5
years.

There is one reason why we are investing in Italy
and the US, because the US will be one of the

of the States where there will be more projects
for this type of application and Italy is in a good
logistic position for all the projects in Europe.

All European countries are investing a lot on the
renewable energy technology. The sum of both
Greenfield and Brownfield projects is probably
going to develop with a compound aggregate
rate, that is, between 12 to 14% in the next 10
years. This is our expectation.

A'[ Load growth in the United States
a n was flat for the last 20 years, and
about 4 years ago it started to peak. It's about 8
to 9% depending on who you ask. That is a huge

problem because we have an aging infrastructure
that must support this new load growth.
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'[ b Yes, and when you currently. In 2024 the market was less than

A e rt O compare the United 10 gigawatts worldwide, but what we see is that
States with a country like Sweden; where they this type of market is going to be something

are replacing transformers around every around 19 gigawatts this year, close to double

20 years, even if the transformers are perfect, compared with the last year. We are expecting
you see that they are continuously investing in 7 gigawatts in Europe. This market is growing in
better technology and better efficiency. [ don't a more consistent way compared with battery
think that the United States has the capacity storage and the solar market. In the next 4 years
to do what Sweden is doing, but certainly we it will probably become the number one market
need to upgrade. for FR3 transformers.

p ; By leveraging the thermal capabilities of FR3
Our vision is to be part fluid, we can design a transformer with the

of the energy transition compact footprint of a smaller unit, yet offering
by enCOUFaging highly flexible load capacity.

customers to . A.[ What the
adopt better ST [ - a n market needs

: % e = | [ (1711111177 is a transformer that is more
teChnOlOgleS fOT d reliable, more sustainable, and
more SUStainable more resilient. These are some
world. This
commitment is

at the core of our
mission.

correct?

Alberto .

you speak about sustainability,
to me it does not make sense

A'[ You mentioned data to install a mineral filled transformer
a n centers. Data centers are where you need renewable energy. That's why
hot right now. The biggest areas are Northern we are focusing on the FR3 Transformer.
Virginia, north of Atlanta, GA, and another one Our vision is to be part of the energy transition
of the top five is right up there near you in by encouraging customers to adopt better
Columbus, OH. Columbus is a big data center technologies for a more sustainable world. This
market. Talk a little bit about FR3 for data commitment is at the core of our mission.
centers because they must not have a fire, and

the cooling needs are especially higher for Al '[ Thank you so much Alberto.

data centers. Talk a little about that market A a n I really appreciate you taking the

because that is a unique, fast-growing market. time with me. Have a great day.

Yes, that is the fastest You too, Alan.
Alberto growing market Alberto

of your core values at Westrafo,

Photo: Westrafo
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Editorial Report:

PERSPECTIVES:
DTECH 2025

DISTRIBUTECH International 2025
Al Data Center’s Impact on Power Industry

The power industry is undergoing a significant
transformation, driven in part by the rapid growth
of data centers and electrification, presenting both
major challenges and compelling opportunities. At
DISTRIBUTECH 2025, a leading annual conference
and exhibition focused on the transmission and
distribution of electricity held Dallas this year, we
interviewed experts with knowledge about these
transformative challenges and have compiled and
highlighted what they perceive of this shift and the
industry's response.

Challenges

The most pressing challenge is the unprece-
dented scale and speed of load growth. This
surge is primarily attributed to data centers, EV
charging infrastructure and large manufacturing
facilities. "The demand for power is outpacing
supply,” states Dave McGinley, EVP at Asplundh.
“The historical annuval load growth of 1-2% in
some areas has dramatically increased, with
several utilities reporting an 8% growth rate.”
This rapid escalation has left many feeling
‘caught by surprise".

Judson Tillinghast, Manager of Data Center
Strategy at APS, highlights the magnitude, noting
they “have committed to serve 4.7 gigawatts of

additional customer growth, two-thirds of which
is data centers, over the next 10 years, but face
an "uncommitted data center queue” exceeding
15 gigawatts for which they currently lack the
resources”.

This surge in demand places immense strain on
existing infrastructure, including generation,
transmission, and substations. Expanding
capacity is, according to Brad Langley, CMO

at GRIDX, as "a very expensive proposition,
complicated by long lead times for equipment
like transformers”. Casey Werth, who leads
IBM's global industry for the energy sector,
adds that "permitting and sighting and supply
chain as impacts on the ability to build new
transmission”. In some areas, the scale of
interconnection requests for new projects has
become so large that queues have had to be
temporarily shut down.

Another key concern is that the costs associated
with building this new infrastructure do not
disproportionately affect residential consumers.
Utilities are sensitive to the affordability question
for their ratepayers. There is also the risk of

cost shifts if anticipated demand doesn't fully
materialize after infrastructure investments

are made.

Photo: Shutterstock, APC Media
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The proliferation of new technologies and auto-
mation is bringing concerns about physical and
cyber security, making it more vulnerable. Pro-
tecting substations and automated systems is an
"acute" focus, given the increasing sophistication
of threats, potentially aided by Al

The industry is also grappling with workforce and
supply chain issues. Asplundh’s Dave McGinley
highlights the challenge from an "aging workforce
and the challenge of replenishing experienced
technicians, linemen, and tradespeople”.

Securing critical equipment like transformers, as
well as other electrical equipment, also presents
a significant challenge. Lead times for
transformers alone can be three to five years or
more. Recent tariffs will also impact transformer
OEMs ability to meet the demand in materials

-t

such as copper, steel and other components.
All of these are affected by trade negotiations
under Trump administration. Without a stable
supply chain, we will not have a stable supply
of new transformers.

The proliferation of new technologies and
automation is bringing concerns about physical
and cyber security, making it more vulnerable.
Protecting substations and automated systems
is an "acute" focus, given the increasing

June 2025

sophistication of threats, potentially aided

by Al Additionally, ensuring that these various
new technologies and smart devices communi-
cate and integrate effectively is a hurdle, as in
some cases, these systems are “not speaking

to each other".

Opportunities

Despite the challenges, the demand growth
presents significant opportunities for sector
growth and revitalization. IBM's Casey Werth
views this as providing "more opportunities
to grow the sector because we went through
a pretty long period of stagnated growth".
The rapid growth is also seen as "a catalyst for
some necessary transformation” in how grids
are run and how business is done.

There is also potential for partnership with
large customers like data center operators.
Judson Tillinghast, APS, notes that

“data centers seem to be willing to be a
financial partner and potentially help invest
in infrastructure to help expedite a time for
service”. This willingness suggests avenues for
creative solutions.

The scale of demand and the associated
challenges serve as a powerful driver for
innovation. The industry is compelled to
accelerate the adoption of new technologies
and approaches.

47
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DISTRIBUTECH
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Industry Response

The power industry is actively responding by
implementing various strategies. Utilities are
focused on maximizing the capacity of existing
infrastructure rather than solely relying on new
builds. This includes using technologies like
dynamic line ratings on transmission lines based
on real-time weather conditions and optimizing
distribution transformer use by analyzing real-
time AMI load data to identify and potentially
swap over-built assets. Casey Werth, IBM
explains that “by leveraging new data, utilities
can safely operate T&D assets closer to their
true capacity, extracting more value from
existing infrastructure. This approach improves
return on assets (ROA), especially critical when
building new assets is constrained by time,
cost, or regulatory hurdles". Condition-based
maintenance is also being leveraged to extend
the life of assets.

&6

Utilities are focused on maximizing the capacity
of existing infrastructure rather than solely
relying on new builds.

There is a significant focus on leveraging data
and analytics. Brad Langley of GRIDX highlights
“ingesting all the AMI data to do some really
valuable cost insights, helping customers under-
stand their energy costs and optimize usage".

PERSPECTIVES:
DTECH 2025
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The ability to capture and make decisions

based on vast amounts of sensor and monitor
data is crucial. Casey Werth, IBM, discusses the
exploration of Al foundation models to analyze
grid conditions, enabling “far broader simulation
capabilities for planning and mitigation beyond
traditional physics models”.

The industry is accelerating the adoption of
new technologies and innovation. There is an
increasing comfort with adopting Software

as a Service (SaaS) in the cloud, which offers
greater flexibility and faster updates compared
to older on-premise systems. Casey Werth of
IBM notes a push towards bringing virtualized
capabilities into traditionally hardware-focused
areas like substations “to improve speed and
interoperability". Vendors are embedding Al,
described as "agentic Al" into their packages,
requiring utilities to develop the "new muscle"
of orchestrating these capabilities.

Collaboration and partnerships are becoming
more common. Utilities are work<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>